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{2) Tliat of our andent Cutlers' Company <jf Hflllanwhire, < 1 atiug 
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it is suggested that the following words miaht be used as a 
basis for consideration, namely ” Quality always tells/' for 
did not Ruskin consider the Quality of our Sheffield handi¬ 
craft so high that he left us for ever those precious mementoes 
now endirined in our Rnskln Museum, which it U hoped 
that at any rate some of the Members of our Iron and Steel 
Institute will visit during their stay in our City ? The adopted 
form of the Motto woulu of course afterwards be Latin iseef. 


vui 





ri.LWSTHATION <»r AiHl KF.VKK5K 

of the 

hr.SSKMRK <«OLD MRI>At 
founileU In 1873 
by KIR HRNKV UF:SSE^fKK 







I. INTRODUCTION 

I T is with fipczi&] pleasure that the author of this address welcomes 
the visit of the Members of the Iron and Steel Institute and 
other friends to the East Hccla Works of Messrs. Hadfiekls, Ltd. 
His colleagues on the Board, Mr, P. B. Brown, Major A. H. H. 
Oerke, Mr. W. J. Daw.«on, Captain E. H. M. Nichtdw)n, Mr. W. H. 
Pickering and Mr. A. Roebuck, also join in this welcome. 

In this address the author )>rnpf)seK to survey Iw^adl^ the rise 
of metallurgy, more particularly w> far jis nnr City of ffhctrield is 
concerned. With cacli year that passes a review of this nature 
bec<*jne.s more difhcult, sfj rapi<I is the rate of progress. It is, 
however, important that this task should bo ouaj'otl, not only 
as afTording some as.sistancc and, iKThatis, iiwpinition tn tlic 
younger men, hut also as a lahtiur of love to mamtnin <nir sense 
of perspective, and specially to jdace on record, however inade¬ 
quately, t»ur recognition of the peat debt of gratitude owing to 
workers of the past. 

The author greatly appreciates this opportunity nf paying his 
ov/n tribute to these earlier metallurgists from whose lahimrs, 
in the face of innumerable clifltcultles, the vast structure of modem 
metallurgy has sprung. Moreover, having been connected wltli 
Shefheld and with the science and practice of metallurgy from his 
earliest years, the author regards it as a privilege to have this 
opportunity of making apccial reference to the j>art jilayed by 
Sncfheld in connection with metallurgical dlse<»vcriOH, invention 
and research, The author's own metallurgical work commvncid 
nearly .dxty years ago with a small crucible furnace in the cellar 
of his father’s liome, and it was ctmductwl with snrli vigour, at 
least as regards heat and draught, that he almost succwdctl in 
burning the house down, besides melting !v>mc eiglit or ten puuncls 
of steeh which was the actual end in view, Mow, In the words of 
one of the reviewers of his book, M$iaUurgy and iU on 

MotUrn Progress, the author's association lias been long enough to 
be a connecting link with the generation for which mndem metallurgy 
had barely begun to exist, but not so long as to have ceased to be in 
the centre of its technical progress. 

Visits of the Iron and Steal Institute to Sheffield 

It is a great disappointment to every member of the Iron and Steel 
Institute that, owing to ill health, our President, Mr. W. R. Lyea^ht, 
C.B.E., is unable to be present with us at this cur Sheffield meeting. 
For the general arrangements of the meeting in this district, the 
Members in attendance are greatly indebted to the work of the 
Local Extecutivc Committee, of which Dr. W. H. Katheld is Chair¬ 
man, Mr. Fred Clements the Hon, Treasurer, and Professor J. H. 
Andrew the Hon. Secretary ; also to the Ladies' Committee. The 
excellent arrangements made by the two committees for the com¬ 
fort, pleasure and entertninment of those attending this meeting 
are appreciated by all. 
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RIVER DOK. AT OR REAR TO TDCSLEY 
Fnea cat coImt «o pap«t by Chas. Cuwtb, jSyx 










It is now 2$ years since the Iron and Steel Institute first visited 
Sheffield in 1905, during the author's presidency ol the Institute. 
On that occasion the members in attendance \'isiied the works of 
Hadfields. Ltd., and it may be recalled that the many notabilities 
present included Viscount Hayashi, the celebrated Japanese Mjni«* 
Mr, who took the opportunity of making the first announcement of 
the Treaty between England and Japan u licii addressing tho gather* 
ing at Uincli. 

Now, on the occasion of tlic soctoid visit of the Institute to lliis 
city, it is nut possible to promise the revelation of uiiy lunv treaty, 
hut wc can witli justification regard this visit as nuirkiug a revival 
in ctnifidcuce and optimism based on rifiuTcM evidence of bettci* 
times in stiirc. Tlie author had the plwisuix* of a ctniverRation 
with Ocneral Smuts a few days before lie left this conntrj', in tin* 
course (il whicli the General expressed Ixis firm cnn\'ictHni Ibnt Great 
Britain was s<Amd and would emerge triuiiipbantly from tbc world 
crises and buffetings of recent years. Sucli cheering words coming 
from such a reliable source should encourage us ah. TliC Bankers' 
Clearing House returns, the railway traffics, and many other Indices 
of prosperity shenv that we are at last on the upward grade. I'ull 
recovery must naturally be a matter of time, and tlicre is no doubt 
that the iron and steel industry, not only in this hut also in ntlier 
countries, has been hard hit, but there arc sul>stantial grt>unds for 
believing that the worst Is over and that iw slmll soon see n return 
/<*rmer prosperity, 

The Iron and Steel Industry and Great Britain 

How great is the stake of this coutdry in Cite metallui'gical indus- 
trie.s in general, and the iron and steel industries in particular, it 
is hardly necessary to say. Tiic city of ShclHckl lias metallurgical 
as.s«iAtion$ extending far back into <nir history, certainly far morf* 
than $00 years, and as regards Great Britain's part in the develop* 
ment of the steel Industry, with \vhich ShclTicId is primarily and 
inseparably associated, the author cannot do better than recall a 
remarkable tribute paid by Mr. Charles M. Schwab, of the Bethlehem 
Steel Company and a former recipient of the Bessemer Gold Medal. 
AddrcMing members of the Institute of Fuel on Octulwr igtb, 1938, 
in aeknowTedgment of the award of the Melcliett Medal, Mr. Schwab 
said that in the steel industr)' most of tlie great inx’cntions had 
their origination in Great Britain. In America they ^vc^e merely 
developers of what had been started in Great Britain ; they w-ere 
willing perhaps to^ ahead with more courage, more risk and more 
enterpn« than < 5 reat Britain, but, after all, they were merely 
developers of what had originated in Great Britain. 

These are indeed words of high praise, generous but a not un¬ 
deserved tribute to those workers of the past and present, so many 
of whom have wrought with that wonderful metal iron and its 
alloys within the boundaries of Sheffield and, in some instances, 
within walls itill standing. 
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II. THE RISE OF SHEFFIELD 


Situation 

I'hcre can be few, if any, other industrial cities situated as 
picturesquely as Sheffield. It is indeed, in the words of Lord Palmer¬ 
ston, "A black picture set in a golden frame.' Chatsworth, 
Haddon, Hardwick, Bolsover and Castleton; the glorious Peak 
District: Whamclifie Crags: Wdbeck, Clumber and the glades 
and woodlands of Sberwi>od Forest—these and other beauty spots 
are almost within sight of our city. The sylvan view shown in 
Figure III, alas, is no more; it represents what the valley of the I>)n 
was like in 1871, The East Heel a Works of the authtir ’s company arc 
now within half a mile of this spot. The picture, which i* in tho 

S session of my friend Mr. Qiarfe? Sandfor^ of SheffioUl, by wIvjsc 
. d permiMign it i« here reproduced, wu painted in 2^71 in nil 
colour on paper by the famous artist, Mr. Chas. Cusu^rth. It 
represents the River Don at or near to Tinsley. It U ulmuat 
Tumeresque in effect. Wi ih the progress of combusiic>n eugiueeri ng, 
the increasing use of the electric drive and uf electric furnaces, and 
persistent attack upon the problem of housing, the author is hopeful 
that OUT ''golden Iranie" will be indefinitely preserved while the 
picture itself becomes less black. In the past there has been justifi¬ 
cation for the Yorkshire saying, "Where there's dirt there's 
money," but, with modem plant and methods, it is now possible 
to earn money, even in a great metallurgical centre, without an 
undue emission of smoke, fumes or other " matter out of place," 

Hiatorlcal Aasoclationa 

The histo^ of Sheffield has been fully dealt with by such able 
local chroniclers os Hunter, Leader, Gatty, Addy and othei's, hut 
there are some facts which may appropriately be recalled, specially 
in connection with the rising Imj^rtancc of the city and the early 
mentions of Hallam, Aterclive and Etcafeld, names which are easily 
recognised in their modem forms. The local history of Escafeld 
(to use the original form of “Sheffield ") cui be traced to the time of 
the Conquest. There were probably three manors in xoS6, Hallam, 
Atercllve and Escafeld, though the Domesday Book mentions only 
" AtercUve and i^cafcld,” and It is not <^ear whether Hallam 
formed a separate pari^ or, as Hallamshire, was a separate division 
in the district. As regards " Aterclive and Cscafeld,'^ there appears 
to have been a conri^rabk struggle amongst the scribes regarding 
the two designations, but " Shcfeld,” or " Sheffield,” predominated, 
certainly not later than the thirteenth century. 

From the time of Waltheof, last of the Saxon earls, ^rilose hall is 
believed to have stood on the si te now known as Castle Hill, Sheffield 
has been closely connected with many historic characters and events, 
After the rebellion and execution of Waltheof in 1075, the Manor 
passed to the Norman family of De Lovetot, and in due course, by 
the marriage of Maud de Lovetot, to the family of Pumival, in the 
rdgn of Richard 1 . Of the warlike deeds and royal friendships of 
the early FurDivals,nomore than passing mention can here be r^e, 
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hut wt cannot pass over Thonias Furnis'al, that groat benefactor 
who, as Lord of HalUmshire, raised the town in 1297 to d^.ities 
which it has never lost. He it ^vas who obtained royal authority 
for a weekly market and annual fair and secured other important 
rights and liberties for our citizens. Fumiv aVs charter is tlxo earliest 
reaird wc Iiave of the existence oi tiic system of Itjcal government 
called "The Bur^y.” Soon after tlic death of Lord Tixoina* 
Fumivalan Inqnisititin revealed the curiou« fact that " his ancestors 
field the Castle and Manor of Sliellleld of a certain King of Scotland 
by the scr\icc of rendering twi* white grryliound'< vcarly.” 

Roman crrlinrts woiikl stand aiuase<l loiiUI lliov return to their 
Templchorcjiig]i camp and other hn'ol sites, whence steel ftir all the 
arts of ^>cacc and war pours forth lu c|nantities un<l <|uaUtics tliat 
'■ Ctesar never knew.” On the other hand, their sliades, if o)>servant, 
have had ample opportunity of hecoinliig accustomed to the local 
iron and steel industries, for they have been a long time n-growing, 
Of thU, more is said later in tliU address (Section IV), where It Is 
shown how our metallurgical lecortls extend back through the 
centuries, growing less frc<^ucnt in remoter days, hut, sign!licantly 
enough, bring connected repeatedly with the lives of our citizens 
and tnolr rights and privileges. 

Among the mai^ famous personages of the past who have been 
associated with ^efAold ma>' lie mentioned Cardinal Wolscy 
(Plate a), who arrived at the Manor House in N<H*cmber, 1530, and 
soon afterwards left under escort on tlic last stage of his tragic 
journey. Far longer and even more tragic was tlie assriciatioji 
witli Mary Queen of Scrjts, w'ht) us a caiXiNo an<lor the liarlof 
Shrewslnuy spent many weary j^ars during t)ie i>criod 1570 to 
1584 in the Turret House, where tlic room she <j ecu pied is .still to 
be seen (Figure V), No one who lias read Charlotte M. Vfmgc's 
Unknown to can fail to hud added interest in the place of 

the Queen's incarcenitiun, 

The panels in the dining-room in the author's Sliclfield home, 
Parkhead House, came to him through tlic well-known ShcfRuld 
architect, the late Mr. Mitchell NMtlim, wlioohtainccl them from the 
Manor House where the ill-fated Queen often dwelt, wi undoubtedly 
slie saw and lived from time to time with these scIf-samc panels. 

Save for the stormy period of the Civil War, when Shcftield 
Castle svas besieged and taken Ity the Parliamentarians in 1644, 
the se\-enteenth century brought to Shelfield an era of peace mi 
existence and the beginning of important activities and institutions 
that have continued to the present day. Our grammar school was 
founded by Thomas Smith, of Crowlands, Lincolnshire, in 1604' 
Robert Sotaby was our first Master Culler in 1624 ; John Wesl^ 
paid his first visit to Sheffield in 1732 ; Benjamin Huntsman moved 
to Sheffield in 1740 ; the first Sheffield newspaper, Lister's ShefiM 
Wukly Journal, wa« founded in 1754 ; and in 182a we find Michael 
Faraday sending carefully prepared mixtures for his “ Alloys of 
Steel” by coach from London to Sheffield, to be dealt with at 
Sanderson’s works. 
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These are some of the names and e\*cnts that spring most readily 
to mind in a rapid siir\'ey of Sheffield's past, and they serve in some 
measure to set the stage on winch such worthies as Ebeneser 
Elliott; Samuel Bailev, the Benthain of Hallamahire; Hunter 
tlio historian ; Chantrey; Montgomery: Stemdale Bennett; Eain- 
shaw, and many other leaders haN c played, or are still playing, their 
parts. 

Civic Growth 

Though Sheffield was recortlcd in Dcjmesday some 850 yeai's 
ago, its taxable \'aluc was then only 40*.. a rather nujdcst sum, hnt 
the value of money was, of course, \*cry different in those days. 
In the year 1289 the total taxes were returned at £8 5». lid., the 
statement ihf»wjng a meticulous accuracy which is still a«<x?iatc(l 
with Yorkshire! fn 1624 the first annual feast of the Cutlers' 
Company cost ds., plus 24s. fur wines. In 1710 there were d,ooo 
persons employed in the cutlety and other trades, and a value of 
about 00,000 was produced. Many years later, in 1749, the Cutlers 
were only spending £i as. gd. on their feast, including such items 
as ale and punch, but by then the population nf the city had risen 
to some 20,000, and during the next century it increased about 
sevenfold and the rateable value rose to £272.000. Thereafter, 
that is, since the middle of last century, the rate of progress has been 
even more remarkahle. This period has witnessed practically the 
whole groudh of iron and steel production on the scale to which we 
are accustomed today, and the city of Sheffield has now a popula* 
tion of some 513,000, and a rateable value of nearly 3} mdlion 
sterling, or about ten times what it was So years ago, which makes 
one, at least in this respect, «gh for the " good old ^ys " 1 

It was not until the Reform Act of 1S33 that Sheffi^ was alh’wed 
to elect its Paxliamentary representatives, and, as pointed out by 
Mr. Leader, to whom tliis city is so greatly in^bted for his many 
important antiquarian resettles, it was exactly 5 oo years after 
the establishment of the Burgery that the late Duke of Norfolk, 
a descendant of Lord Thomas I'urnival, became the first Lord 
Mayor of our city. This privilege was bestowed by Her Majesty 
Queen Victoria in commemoration of her visit to Sheffield in 1897. 
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III. THE IMPORTANCE OF IRON AND STEEL 


Iron—Cold Iron" 

A leading article on " Nature and Science in Poetry “ in Nature. 
August 2f»th, 1033 » recalls that Wordsworth, writing early in the 
nineteenth century, looked forward to the time when the poet 
w<m)d find inspiration in aspects of scientific ^ichicvemcnt and 
industrial progress. "The renv'test discoveries of the chemist/' 
he said, the botanist, or mineralogist, will 1 )g as proper objects of 
the pfKit's art as any u|)on which it cun be employed, if the tim«5 
should es^ come when tliesu things simll lx* sis familiar to ns, an<l 
the relations under which tliey arc contemplated by tlic foIUkWiTs 
of these respective sciences slinfl be manifestly and palivibly material 
to MS aa enjoying and suffering beings." That time has surely 
arrived, and in the works of Kudyard Kipling the metallurgist and 
engineer hnd many an undying tribute to their activities and the 
spirit which animates them. Surely no engineer can read M'Aiulrevj's 
Hymn unmoved, and in Rewards and Fairies the mctalhirgist will 
turn again and again to Cvld Iron : 

” Gold is for ihc mistresi^ilver for Un mniti / 

Copper for Uie craftsman cunnittii eU his trade. 

' Good i ’ .said the Laron, sitting In hlA hall, 

‘ But Iron—Cold Iron—is master of them all I ” 

In a recent personal letter to the author, Mr. Kudyard Kipling 
gave his kind permlssum to rcpnxluce from this poem and also 
added the following interesting words: " I suppose the mystery 
and the changing forms of Iron must have been one of tlte Itrst of 
the mysteries to Early Man—ciuitc apart from the fact that the 
Iron blade—sword or spear—made him Master of the Beasts and his 
neighbours.” 

Then, too, there Is the ancient Chinese pr«)vc>r)> that he who holds 
the iron of the world will rule the world—a saying which may gain 
in significance as time goes on, for China herself appears to have 
extensive deposits of iron ore. and it seems nut unli^ly tltat tliesc 
may be fully exploited at no very distant date. As long ago as 
1910 the author crossed the Pacific in a w.ssel carrying the first 
consi^ment of Chinese pig iron to the western shores 01 America, 
and in view of the vast mineral wealth of China that occaidon 
may uUlmatcly be seen to have been of considerable historic interest. 

Meanwhile, however, it is not merely "holding the iron of the 
world,” but the knowledge and ability to make full use of the proper¬ 
ties of the metal and its alloys that are essential to metallurgical 
supremacy. Without iron and simple carbon sled we should be 
thrown back to the resources of the ^ark Ages, but these material.? 
alone are hopelessly inadequate to meet the requirements of civilisa¬ 
tion as we know it today. Without special or alloy steels, re¬ 
presenting a much higher degree of metallurgical development than 
carbon steel, the motor*car, the aeroplane, and many another devices 
wc have come to regard as essential, would be physically impossible, 
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to sAy nothing of our rdlwa^'s and stcaxnsblps. Armour and guns, 
and the projectiles which they fire, though we may lament the 
necessity for such weapons, have been evolved by metallurgical 
research that has brought compensating advantages in knowledge 
applicable to more peaceful productions. But for steels of special 
ma^etic qualities, electric generators, motors and transformers 
coi^ not be built as they are today, and the limits of submarine 
cables would be greatly restricted, fn short, iron, steel and special 
steels axe literally essential to our modem dvUisation. 

Truly, Iro»—CoU Irm—is mtuftr of th^tn all, and in acknowledging 
the importance of special steels we mast not forget that iron is the 
essential basis common to them all. For example, thoitgh silicon 
steel, invented by the author, has largely replaced imalloyed iron 
ill many electric^ applications, owing to its superior qualities of 
magnetic permeability, low hysteresis and high electrical rcsbtance, 
ne\'erthel^ iron is present to the extent of ^ to 97 per cent. This 
further emphasises the importance of iron itself. In many of its 
most important applications Femim is literally irreplaceaUe. 

Production of Pig Iron and Steel 

Tlie statistics relating to die output of pig iron and steel 150 years 
ago are not very clear, but the following may be taken as ap* 
proximately correct. In 1796 the output of pig iron in Great 
Britain was about X2S,ooo tons, and in 1820, when Faraday was 
fairly embarked on his important scries of researches on ''alloys 
of steel " (mentioned furthm in Section IV), there were product 
some 250,000 tons of wrought iron and 20,000 tons of steel, in* 
eluding cemented steel from imported bar iron. In 1824 the total 
output of pig iron in Great Britain appears to have been about 
^o.ooo tons, with about 200,00c tons of puddled and scrap bar 
iron, produced from tho pig iron tonnage mentioned. The pro¬ 
duction of steel in 1846 was about 40,000 tons, with about an equal 

{ reduction in other countries, and certainly 1^ than 100,000 tons 
>r the whole world. These figures appear almost negligible and, 
in fact, hardly credible compared with the ijnmen«e figure of nearly 
120 million tons for the world production of steel in 1929, yet it is a 
fact that the total output Increased 1,200-fold In less tlian ninety 
years. 

Since the y^ 1929 there has been a serious reduction in the 
world production of iron and steel, owing to the general dislocation 
of industrial activity by the economic crises in all countries. The 
figures for pig iron and steel production may, in fact, be taken as a 
very fair index of the general state of economic prosperity or de¬ 
pression, and in this connection it is interesting to refer to the 
accompanying chart showing the world's output of steel (186^ 
1932) and pig iron (1800-1932). It will be noticed that, up to the 
commencement of the war, the output of pig iron was greater than 
that of steel, but that subsequently the position was reversed. 

Some BQcou^ement, much-needed in these difficult times, can 
surely be derived from this chart. The similarity between the 
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depression of 1930-33 and that of 1931 is obvious, and there arc 
reasonable grormds for supposing that it may be followed by a 
similar sharp rise which ► even if it does not ^ up to the peak level 
of 1929, will j'ct bring welcome relief to our indastry. 



The ^^'orid'5 stock of iron and steel in use is about i,2iK),tjt>o,<Kjn 
Ions, and the loss duo to wastage in 193a, by con'osum and by wear 
and tear, is estimated to be about 67 ,c>oo,o<k> tons, oranne 19,000,000 
tons in excess of the actual production for that year, Clcarlj* the 
natural demands of the world are represented mrirc nearly bv the 
1929 output of nearly rao.ooo.ooo tons of steel than by the sinalkT 
output of recent years, which has not been sufficient to covcj wustfigc. 
The world has literally been starving itself in its prf>duction and 
consumption of steel during the past three years or so. Either 
the crisis must now become extreme and seriously aflcct our modem 
civilisation, which surely cannot happen, or there must soon be a 
great change for the better in the demand for steel of all types. 
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IV. EARLY DAYS OF METALLURGY IN 
SHEFFIELD 

Importaace of ShefReld*s Contributions 
For centuries paxc, She6ield has been inseparably associated with 
the making and working of iron and steel. Today, though u’e arc 
faced by an amount and degree of competition undreamt of a genera¬ 
tion ago, Sheffield maintains its wortd*wide reputation for the 
quality and varied cJiaracter of its products. The rise of the 
industry is linked inseparably with the names and works of such 

S ioneers as Huntsman and Bessemer, Siemens. John Brown and 
. D. Ellis, the Fifths, the Jessops, CarnmeU, Sorby, Arnold, and 
many another mentumed more fully elsewhere in ^is paper, lu 
the aggregate, the men of Shed^cld have contributed more to the 
science and practice of iron and steel metallurgy than any other 
commucity m the world. This is a proud claim, but one that i» 
fully justified and, needle.ts to say. in advancing it the author lias 
not the slightest intention of belittling the important work done in 
other centres. * 

Early Metallurgical References 
In any survey of Sheffield's part in the rise of metallurgy it is 
natural to enquire what led to the city bcooming such an important 
metallurgical centre. There are many evidences of ancient M*ork« 
ings of iron ore in the district. The Romans taught the British 
much in this respect, and the Normans brought over many smiths 
and other skilled artisans. About the year ixoo. one of the earliest 
Norman lords obtaiiie<l a charter to erect forges for the working of 
iron at Kimberworth. 

Unfortunately, our ancestors of the Middle Ages omitted to 
record many facts and figures which would have been of extra¬ 
ordinary interest to us today. In particular, they did not leave 
any vci^ adequate references to tlio early iron working activities of 
Sheffield, We do find, howe%'er, in Chaucer's CanUrhury TaUi, 
a character of whom the author says : " A Shefeld thwytci bare lie 
In his hose/' showing that nearly six hundred years ago Sheffield 
cutlery wat»well known and esteemed. This couplet has often 
been quoted, but the author docs not remember ever having seen 
a portrait before of the great English poet. Through the kind 
permission nf the National Portrait Gallery he is able to pre.^ent 
Plate 1, reproduced from a drawing of him by Occleve, An 
even earlier reference and probably the first recorded identification 
of the city with cutlery is the entry CulUUum d$ ShiJUU in a list of 
articles issued from the Prioiy Wardrobe at the Tower in 1041. 
This interesting note is included in an admirable outline of the 
history of Sheffield in T}ie Quaiily of Sht^eld, published by the 
Sheffield Chamber of Commerce, under the able editorship of Mr. 
A. J, C- Walters, Secretary, and Miss G, M. Freeman, Assistant 
Secretary. 

Coming to later years, the poll tax records of Richard IT (1379) 
show that the making of knives was an important local industry. 
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Mr. John Derry, in his interesting Story of She^i, recalls that 
who travelled through England between the years 1536 and 
1542, said there were " many smitlis and cutlers in HallanShire/' 
and also " very good smiths for all cutting tools " at Rotherham. 
Between 1554 and 1570, sixty-one trade marks were granted by the 
Lord of Kallamshire (the Earl of Shrewsbiuy) through his 6:>urt 
at Sheffield, to the muter cutlers in his lordship. At this time 
iron was being imported into Kallamshire from Sweden and Spain, 
through Hull and Bawtry, and the arrival of six barrels of steel from 
Bawiry is noted in the memorandum book of Ae Bail’s steward oix 
October 8th, 1574. 

In his book, 7VI< IT'nffng Schoolmoiter. Peter Bates (1S90) gave 
advice regarding the making of quill pens; " First thw be the 
choice of wur pen-knife. A right Sheffield knife is best." The 
dramatist Nssh also uses tlic term " right Sheffield ” to signify the 
best quality. The city's fame in this connection hu steadily 
mcreued and, in more recent times, it has built up an equally high 
reputation in the heavier applications of ferrous metallurgy, in¬ 
cluding, of course, special steels. Sheffield hu also been engaged 
for many years in the manufacture of non-ferrous products, in¬ 
cluding silver, electroplating and similar developments. 

Natural Advantages of Sheffield 

Whether or not Dr. Gatty was correct In his suggestion that the 
Roman rigg, or ridge, extending from Wincobank to Tcmplebro’ 
had led to local Ironstone being exposed, the fact remains that 
pliospliorctic ore such as existed in this part of the country could 
not liave made good steel, whether worked up direct cm* made into 
wrought iron and carburised by cemenration, No doubt iron was 
produMd locally, but it would not have Ixjcn suitable for steel, 
even of medjum quality. In the early davs, Sheffield's steel products 
must have Ixcn made almost entirely from imported Swedish 
M “d otlw foreign steel. The material was, no doubt, origin¬ 
ally bought in its cemented condition, but afterwards the cementa¬ 
tion was done here. The pre-eminence of Sheffield in steel manu¬ 
factures was therefore due, not to the presence of superior local 
ore, but to the abundance of wood and. later, to the discovery of coal 
the presence of many streams for working grinding wheels and tilt 
hami^rs, the generally favourable situation for manufacturing 
and, last but by no means least, the evcr-incrcasIng accumulated 
skill of Its workmen, gradually aggregating themselves into associa¬ 
tions and guilds. 

Sheffield's proximity to supplies of excellent stone or millstone- 
grit for grinding and other stones, has also been of considerable 
advantage. In the same way. the wcU-known Sheffield gannister 
^d nrcclay of excellent refractory quality are ready to hand 
m abundant quantity. Whereas the ironworks of the south country 
fell into d)su8e when coal replaced wood, that change and most of 
the subsequeot events In our industrial development have increased 
the advantages of Sheffield as a metallurgical centre. 
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The Company of Cutlers of Hallamshire 

In any mention of the of metallurgy in Sheffield, more than 
oassins reference must be made to ihu ancient and Uonowrablc 
Company of Cutlers of Hallamshire. a puihl whicli existed long 
before 1024, the year of its official foundation. It wiw the author s 
proud privilege, in i890» he installed Master Cutler iif this (am^uis 
Compaay. the influence oi which is In many vesiiorts quite as 
important today under the Mastership of Colonel A, N. i.ee. us 
in the earlier amturics of its foundatitm. 

The I'lrsl legal enactment for ngulalinR the s|x«cial o editions 
cd the cutlers id Hallamshire whs made hv inyal Ortlmaurc issmsi 
by Queen lilixabeth under <late Septcmlicr 2nd. Prox isimi 

was made in this Ordinance for the apixmitmcut at tlie local law 
court, that Is, the Karl of Shrewsbury’s Manorial C0111I, ol a sprnai 
jury, c'ln si sting of 12 cutlers, who were to adjudicate and administer 
all matters pertaining to their trade, and, subject tf» the consent of 
the lord and Ins steward, to issue regulations winch wcn.^ generally 
binding upon the whole trade. Owing to the prerogatives accurdwl 
to the Lord of the Manor and his steward, the legal validity of this 
Ordinance was impugned, and in the twentylirst year of thr reign 
of James I, the Kouse of Ounmnns WMcd, on August 23rd, :(>24. 

' An Act for the Good Order and Government of the Makers of 
Knives, Sickles, Shears, lieissors, and other Cutlery Ware in Halhim- 
shire and the Parts near adjoining,” 

By the Act of 1624 the Cutlers' Companv was to consist of 33 
members, including the Master, two Warilcns, mk Searchers, 24 
Assistants, and finally the ” Commonalty," itviat of whom were 
probably ” freemen ” The latter have hern clropwd, perhaps to 
the Company's disadvantage, as no doubt a wider Hplierc of influence 
was obtained and mure general interest sustained m the w>rk <lonc. 
The powcrt granted wem very consuderablc. Heavy fljics could 
be impOBed, and the " Searchers ” had the right to enter any 
house where they had cause to suspect the existence of ' deceitful 
goods ” One of the advantages—or disadvantages, according to 
one's point of view—of trade marks was demonstrated a few years 
after the Incorporation of the Cutlers’ Company, U>T the knife 
found in the body of the Duke of Buckingham, assas-sinated in 
1628, was stamped with a corporate mark which led immediately 
to the discovery of its maker f 

The Cutlers’ Company is doing toda^, as it has done in the past, 
excellent work in protecting Sheffield’s interests. In addition to the 
general business whi^ goes on in committee, it has important 
duties regarding the registration of trade marks. This work probably 
dates back to an even earlier time that that of Queen EHiabeth, 
and many of the seventeenth^century trade marks are in use 
today. Quite apart from the many ordinary duties the company 
performs, Sheffield would lose considerably if the Cutlers' Company 
were not in our midst. There should be much value put down to 
it under the head of ” Goodwill,” as the very fact of its existence is 
deterrent to those who might act against the interests it protects. 
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Th«n, too, it is an historic heirloom which we can ill afford to lose. 
A city is all the richer for its traditiojial associations, and few 
najiufacturing cities can claim sucli an honourable link with the 
past. 

Many years ago there appeared in the German periodical Stahl 
I'nd Eis^i an appreciation of the work of the Cutlers' C>mpany, 
which still forms an excellent summary of its activities and is of 
special interest a* showing how highly the Comiiany is respected 
abro^. The \^riter said: " While the nicdiwval organisation and 
position of the Company as a trade guild has few the greate-Jt part 
iost its value and significance, a coincidence uf several clrcninstaTiccs 
has helped to establish a new kisix fnr its pusitinn and inllueno? 
in the registration of trade marks practised by tlxo Oim^JOny for 
over two centuries, In this respect the Company now oecupics an 
official position as a publicautliority invested with extensive powers. 
In addition to its Msition as a branch or sub*office of the London 
Clfflcc, the Company in a certain sense occupies the position 
of a Chamber of Commerce for tlxe steel trade, or a kind of steel 
exchange, its body of members being constantly supplernented 
from the number of the iirst and most prosperous steel manufac* 
Uitws of Sheffield; and Sheffield, being the chief centre of the 
British steel trade, is the focus on which all news concerning this 
branch of industry and the respective business orders from all 
countries converge/' 

Benjamin Huntsman and Cast Steel 
It Is not always fully appreciated that the enormous use of steel 
in modem times would have been quite impmctlcable but for the 
developments in the manufacture of east steel. Engineerinf struc> 
lures as we know them today, to say nothing of tlic whole fiokl 
of alloy steels, svould be beyond our reach if ivc were restricted to pig 
Iron, svrought iron, and steel prepared by the cementation process 
The first successful steel-melting process on a practical scale was 
tovised by Benjamin Huntsman, and it may fairly ))« claimed that 
nls *n Sheffield led the way In the melting and casting of steel. 

Naturally, Huntsman's crucible process could only be used on a 
relatively small scale, but it was a great advance on anything 
previously known. The next great step in this direction, the Bc«c* 
met proew, was largely worked out in Sheffiekl and was followed 
by the Siemens-Martin open-hearth proccw, and later by electric 
furnaces, ^ 

It was probably about 1730, or a Utile earlier, that Huntsman com¬ 
menced his experiments which led. bv his labours primarily and those 
of others later, to the present successful condition of the high ouality 
steel trade for which Sheffield is justly famous. The latest develop¬ 
ments in the production of special steels by aid of the electric furnace 
may be regarded as lineal descendants of Huntsman's crudble 
process, the heating medium being different and more powerful 
but thepnnciple of melting in refractory chambers or vessels under 
conditions guaranteeing control and purity being essentially the 
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Kantsman's Ori^iaal Works and Fnraaces, showing his desc«D<1uit« 
Mr. H. Huntsman 
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As some have questioned the importance and origjnaiity of Hunts- 
man’s work» it may be recaJled that our Past-rresident of the Iron 
and Steel Institute, the late Dr. John Percy, F.R.S., who had swaai 
claim to authority, said: "Formerly,so far as I am aware,steel was 
never melted and cast after its production; and in only one instance, 
vis., that of Woofs steel, was it ever molten dunng its production. 
Indcei by the founding and casting of steel after its proniKtion, its 
hcteroffcneousucss is remedied, and ingots of the motnl cot bo 
producctl perfectly of uniform comport ion throughout; and for the 
practical solution of tliis important problem wu mo mdchtfil to 
ecnjamlii Huntsman c»f Shcflicld." 

Whilst the mere inciting of materials in cruciblus wtw not ntjvel. 
Huntsman’s invention consiKlod in successfully stdving the great 
dithcultici* to Ixj overcome before flic proca«s could he unplivd to 
the practical production of steel. Pr«)I>al)ly his skill lay largely in 
producing crucibles of sufliciontly refractory nature to withstimd 
the high temperature of tlic meUIng operation ; also m Imding the 
correct type of melting furnace and the flmt to be us<^, the latter 
a point then of special importance. By the trade his method is 
still often called steel refining,'’ though, of course, in the sense 
of purification this term is not quite correct, 'fhe great drawback 
then experienced by mnnuf act liters was that wiiilst imported 
material from Sweden and Germanysvas of excellent purity.whether 
as bar iron or crude steel, the cementation process cmployc<l to 
effect the change or "convert ’’ the Imr iron into steel m’ blister 
steel gave a product of uncertain temper. The Iluntunuin mctliod 
of fusion obrtated many of the difficulties met in the cementation 
process, and it certainly proved to bo the first practical solution 
of the important problem of how to make steel of homrigcncous and 
uniform quality. 

The author bad the privilege of knowing both the grcat-graiKlsoiis 
of Benjamin Huntsman, the late Frank and Ha^ Huntsman. 
The firm still carries on the manufacture of tlic highest qualities 
of Huntsman's cost steel. The record of this firm is a striking 
example of continuous success—already extending to four genera¬ 
tions—in a business founded on the production of material of the 
highest quality. 

For the accompanying excellent illustration of part of Benjamin 
Huntsman’s original wonts, in front of which the late Mr. Hs^ Hunts¬ 
man can be distinguished on the extreme left, the author is indebted 
to the kindness of the late Professor J. 0 . Arnold, F.R.S., who added 
proficiency in photography to his many other attainments. This 
illustration is of special historic interest as showing where crucible 
steel was first produced on a practical and commercial scale. Besides 
meeting his own requirements, Huntsman supplied considerable 
quantities of crucible steel to others in this country and abroad, 
specify to France, for clock and watch springs, fine tools and other 
l^h-quality purposes. In this connection it is interesting to note 
that a fine grandfather clock, dating from about 1750, the works 
and face 01 which were made by Huntsman lumaelf, bears the 
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inscription : "La P&nduh d$ ceiU Horlogc 6 Si faiU avec la Prsmiire 
piice i'Acisr foitdu cennu dims U motuU siitigr /" 

Metallurgical Practice in the Eighteenth Century 

Two interesting records ma}' be cited as throwing light on the 
state oi metallurgical development in Slieflield at the beginning 
of the eighteenth century. Mr. R. £. Leader, in his well*kno^vn 
bCM9k, Sh<ffi 4 ld in tht SighU£nih Csniury. refers to the fact that in 
1709 Mr. bamuel Shore bound a steel converter to work for him 
only, for ten yeare, at six shillings n sveck. with sixpence extra 
as a charitable grant to his wido\^ mother. Steel was tlius con¬ 
verted here at least 217 yeara ago. The otlier record inentiuiK'd is & 
carved stone in the Wortley ironworks of Mr. T. Andrews, F.R.S., 
bearing the date 1713 and showing a tilt hammer of the tyjx* then 
used. 

Before the time of Huntsman, w}iu cfTccted the first important 
advance in the manufacture of cast steel, the materials used in the 
manufacture of cutting instruments, at least as regards high quality 
goods, were drawn from outside Sheffield. Tlus is confirmed \>y th!c 
statement that in X730 no less then 4,000 tons of Swedish iron were 
worked up here. Supplies are also said to have come from Spain. 
Probably after this import trade first commenced, some o{ the 
materiaf was converted mto blister steel at the then port of entry, 
Kewcastie. 

For one of the best accounts of the methods practised in Shcfheld 
about the middle of the eighteenth century we are indebted to a 
distinguished French mctaliuxgist, Gabriel Jars (i729-i$oti}, who 
publived, in 1774, a book, Vo^nigts MdfaUurgiqiies, describing 
visits paid between 1757 and 1769 to Germany, Sweden, Norway, 
England and Scotland. On his journey through England, Jar» 
visited Sheffield, and thm describes the manufRcture of crucible 
steel as practised here in 17(34 

Blister steel is rendered more perfect by the following operation. 
Ordinarily, the scrap and cuttings from articles of steel arc used. 
Furnaces of hre-clay arc used, of similai design to those for brass 
cuttings. They are, however, much smaller, and receive the air hy 
an underground passage. At the mouth, which is square, and at the 
surface of the ground, there is a hole through the wall, from which 
ascends the chjmney stack. These furnaces contain only one large 
crucible, 9 to lo inches high and 6 to 7 inches in diameter. The steel 
is put into the crucible wlu a dux. which is kept secret, and the coal, 
which lias been reduced to coke, is then put round the crucible and 
the furnace is filled. Fire is then put to it, at the same time the upper 
opening of the furnace being entirely closed with a brick door 
$urro\inded by a band of iron. The ^ame goes through the pipe 
icto the chimney. 

" The crucible is five hours in the furnace before the steel is 
perfectly melted. Several operations follow. Square or octagonal 
moulds, made in tu*o pieces of cast iron, are put the one against the 
other, and the steel poured in at one extremity. I have seen ingots 
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which rewmble pig irgn. Tliis stcoj is worked under 
tlie handler, as is done with blister steel, but it is heated less h^hfv 
“a precaution because of its liability to break ^ ^ 

operation U to make the steel so homogeneous 
“ perceived in tliat which conSs^m 
Germanj , and this, it is said, can only be done by fusion. Tliis 
steel is not extensively used; it is used onlv for purposes reauirlne 
a fine ptilish. Of it are made tlxe best rasors* knives, the finest steef 
chains, stmw watch-spnngs, and small watch-makers’ files 

t' first produemgeast steel on a large .scaleundoubtedly 
to Benjamin Himtsman, but anotlier pissage in Tars^ 
sliMU^ that aM cyly as 176$ attempt, w'cii Sg nu.dfin 
Ntwnstle to imitate Jlimtsmnn’s methods. He says: " We were 
Ir i ‘f ‘ Newcastle old files or other dd steel 

or l)li>tCT steel arc cut mto pieces and put into a crucible with a 
flux, which IS kept secret. It is said that eacli workman has his 
crucibles are placed in a furnace to melt the 
One person m particular has undertaken this process two 
mik., atvay inm this town Newcastle), but he has succce^d ^dlT" 

. cvidCTtly by no means isoUted, for in 1787 

w. I^ireeton/ published by Gale and Martin showed five 
Anns to be ^ag«l in meltmr and refining, in addition to Hunts- 
man s firm, then trading as Huntsman and Aalhic • and in 170a 
Foiiniess and Ashworth, " ICn^neera to their Royal HklmeMM 

lolitlon and at their own expense, a namplilet ni'oclaimina in no 
un«rtam terms that " Mr. Huiitamnn makes the best Cast Steel 

^ ^ ^ tlwt would 

WfV K ®*«iition u Huntsman’s.^’ After enumerating at 
length the many virtues and api>lieations of the Huntsman steel 

tftinduced to 
inipartial but imjierfcct character U. 4 .. 
ttstimonialj of Huntsman 1 Steel, as we understand that during the 

d^voud to the nfaJu- 
factunng of it, he has so muclx neglected his own interest and credit 
as never to give the public, thro any general or circular medium 
any account whatever of his Steel.- ^aTI of which taUies l^h 
b^th? ♦Kf'il whose character is revealed 

Mn taken of him- 

0^^^ Royal Society in 1750, when his fame had already begun to 

Michael Faraday’s Researches on “Alloys of Steel” 

It has been shown that the innovation introduced by Huntsman 
by ntsfii«| steel as an essential to its production in a pure and 

3Jt important advance and may 

and m that of Sheffield. Prior to Ins time “ blister/^ or shear steel 
was the best material available, and excellent though it was for 
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many of the purposes of chose do3's, it Mvas not to be compared with 
the Huntsman crucible steel for use in springs, tools and, in fact, 
all tJte liner a'^os of steel. 

Passing on to the ninctcenlJi century, it is necessary to refer at 
some length to the association of Sheflleld with the researches of 
Michael Faraday during the period about 1H23 to 1626, specially 
as the full importance of this as.sociatk*n has only been rccogniaed 
compamtlvcly recently. It is hardly toi) much to say that it 
marked a stage of metallurgical advance of even greater potentialities 
than the wjrk of Huntsman, but. unlike tlic latter, ilicre were no 
imnicKliatc and la.«ting practical consc<incncos. For the definite 
rcalisution of the value of alloy steels, which Mleliaef I'araday 
jnadc tlic object of his first major rcscaich, the world had to wait 
yet ancjthcr fiaU-century, that is, until the discovery and invention 
of nmnganesc steel by the author in xttiSs. 

As recorded fully in the author's book, Farsday /iud Hii Metal¬ 
lurgical Retearchs, that wonderful pioneer, Michael Faraday, carried 
out, between 1619 and 1824, a senca of must remarkaldc researches 
un " alloys of steel " wiih no leas than zi non-ferrous metallic 
elements, including chromium, copper,gold. Iridium, nickel, osmium, 
palladium, platinum, rhodium, silver, tin and titanium. Tliosc 
researches were carried out, os far as Faraday lilmsclf wat concerned, 
entirely in the laboratories of the Roval Institution, I/)iidi;n. but 
it is recorded, in the paper ''On the Alloys of Steel," presented to 
the Royal Society in 1622 by Stodart and Faraclay, that nmterials 
for t)ie manufacture of alloys " on a large scale ' wci’c prc^uircd in 
London and sent to Sliefheld (t(» Sanderson’s works) to 1 >u melted, 
poured, forged and then returned to Faraday for mt'clmnkal and 
chemical e.'caminatlon. 

It further appears from Faraday's Diary and papers, as well aa 
from certain letters, oil of which arc quoted fufly in the above- 
mentioned book, that alloys of steel with silver, platinum, rluxilum, 
iridium and osmium were all made " In the large way " and, in 
particular, that Faraday's alloy of steel with silver was used by the 
Sheffield firm of Green, Picki^lay and Co. In the manufacture of 
cutlery, stove fronts and fenders, certainly duiing the years 1624 
to 1826 and possibly longer. 

Radfield Research on Faraday'a Specimens 

Thanks to the kind permission of the Managers of the Royal 
Institution and the Director of the Science Museum, South Ken¬ 
sington, in regard to specimens of Faraday's steel in their charge, 
the author was able to subject tliese precious, century-old specimens 
to complete examination. Tlte total weight of 88 specimens (79 
from tlie RoyaJ Institution and 9 from the Science Museum) 
amounted only to 8 lb. 3I 02. before the author commenced his 
researches. Of this quantity, only i lb. 4^ 02. M’as used for test 
bars, drliliogs and other purposes. In addition, ^ 02. of metal was 
removed from certain razors of the same period, makit^ a total of 
X lb. 4I oz. of metal used, yet no less 866 tests were made, 
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including 493 chemical analyses, 231 haiclness tests, 53 micrographic 
examinations, and many magnetic, electrical, thermal and other 
investigations. This unique research, necessitating the greatest 
care in order to obtain full data without destroying the original 
specimens to any serious extent, ga\‘c a wealth of information which 
cannot here be reproduced, even in summarised form. It demon¬ 
strates dearly that, Jong acknowledged as a leading chemist and ss 
the foimder of the elect ricai industry, Faraday was also a metal¬ 
lurgical investigator of great ability and brilliant inspiration. His 
metallurgical work was accompli^ed in the face of dihicultics 
which it is almost jmpoiwl>]c to appreciate today, and many 
years before the iron and steel industry had the materials, the 
resources or even the incentive fully to follow the lead thus given 
them. 

Facilities of the highest order are now available fur the melting 
and preparation of steel, whether in the crucible, open hearth, 
converter or electric fumace, including the latest type of the 
latter, the high-frequency induction fumace. Faraday's eouipmenl 
in these respects was limited to crucibles of variable quality, and 
a hand-blown " blast fumace," to use his own phrase. He had 
nothing at all comparable with modem electrical and optical 
pyrometers for the convenient and accurate measurement 01 high 
temperatures, and he appears to have made no attempt to measure 
the temperatures of fusion of his various alloys. He was, however, 
aware o) the importance of heat treatment and the general utility 
of pyrometers as then available, but, if he had wished to measure 
the melting points of steel alloys, the only means at his disposal 
would have been the " thermometer pieces " of clay devi^^ed by 
Josiah Wedgwood, which could only anord comparative data on an 
arbitrary scale, or the Danicll p^meter, an appvatus which formed 
part of the equipment of the Koyal Institution Laboratory. Thu 
many types of furnaces and pyrometers now available for the 
melting and heat treatment of steel and alloys find no parallel 
in the equipment available eitlicr to Faraday or to the SKefheld 
firms who made and used some of his alloys. 

It is gratifying to know that the importance of Faraday s 
metaJlurgical work is now definitely established for all time, and 
that sumclent, though fragmentary, proof has been collected of the 
assistance rendered by Sheffield m this g»at work. There was 
no immediate and continuous commercial development from 
Faraday's researches in this held, but they aroused a great deal 
of interest both at home and abroad at that time, and there need 
be no hesitation in claiming Sheffield's share in the work as one of the 
many contributions it has made to the cause of metallurgy. 

The historic specimens made by Faraday some xzo years 
and now recognim as representing the first systematic investigation 
of a wide range of alloy steels, are safely housed in what may 
justly be termed the two most famous collections of scientific 
apparatus and matenals in the Empire, if not in the world. One 
set consisting of 79 specimens is exhibited in the ambulatory of the 
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Royal Institution, London, while the smaller set, con^sting oi 
only 9 spedniensi but including some remarkable high-alloy pieces, 
is on vievi' in Gallery Ko. 23 on the hrst floor at the Science Museum, 
South Kensington. Tlie author regards it as a great honour and 
privi]eg:e to have been allowed to subject both sets to complete 
examination, thus establishing dchnitcly thdr high importance in 
the history of metallurgical development. 


V. MODERN METALLURGY AND SHEFFIELD 

Rapid ExpaudioD between 1750 and 1850 

Though in no way comparable with the phenomenal growth 
that later foiiowed the introduction of the Bessemer process and 
open heanli furnace, there occurred during the Jater part of the 
eighteenth centupf aud the first half of the nineteenth an expan¬ 
sion of the steel industry in Sheffield which paved the way for the 
coming of the modem Steel Ago, This development was bj’ no 
means confined to Sheffield, but the available statistic:^ for this 
dly are specially interesting and representative. 

Ill 1787, or only ten years after Huntsman’s death. Gale’s Sheffield 
Dia*ctory showed, by five or six firms entered under the heading 
of "Steel Refiners," that the men uf Sheffield had not been slcrw 
to take advantage of the improvements effected by Huntsman, 
There were in that year about a dozen firms cjigagcd in the con¬ 
verting or cementation process; also, about 50 makers of edge 
tools, 40 of files, 300 of pen, pocket and table knives, 50 of razors, 
close upon 100 ^ scissors, and some 60 or 70 engaged in the manu¬ 
facture of scythes, sickles, and shears. Many of the names of manu¬ 
facturers then engaged in the Sheffield trades are well known 
today, and their continued existence is a good proof that the 
motto of the Cutlers’ Company, " Poury parvenir d bonns foi," 
has faithfully represented thefr aims. That the city has made 
continued jmsgress iu this special manufacture is shown by the 
following figures: In Z835 there were 36 converting furnaces and 
about 504 melting holes ; in 1S4S there were 97 converting furnaces 
and about 777 melting holes; In 1856 there wore Z05 converting 
furnaces and about 874 melting holes; in 1899 there were over 
2,000 melting holes. 

Heath and Manganese 

From the records available it appears that the value uf manganese 
in steel-making was appreciated, at least by some workers, nearly 
forty years betore a cheap and reliable " ferro-manganese " could 
be obtained as a convenient means of introducing the metal into 
steel. Heath, about 1840, was probably the first to recognise fully 
the utility of manganese in the manufacture of steel, and he applied 
the black oxide to the production of crucible cast steel. Robert 
MusJiet later used manganese alloys on a much larger scale to 
cheapen crucible and Bessemer steel. Henderson, at Glasgow, 
rendered important service by making excellent alloys of iron and 
manganese containing 25 to 30 per cent, of the latter metal and 
oficring substantial advantages over spiegelcison. but it was left 
to the Terre Noire Company, of France, to produce " ferro-man- 
gancse ’’ containing up to do per cent, of manganese at a relatively 
low price, making pcasible the wholesale manufacture of excellent 
soft steels. 

The Bessemer Process 

In the year 1856 Sir Henry Bessemer, F.R.S., announced his 
pneumatic process of removing the impurities from molten pig iron by 
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a blast of air forced through the fluid metal. Until that time, steel 
could be made only by the crucible process or by cementing puddled 
iron, and it was Bessemer's process that first made it possible to 
produce cheap steel in the quantities to which we are accustomed 
today. Many difficulties had, hoswver, to be overcome before 
the process was a practical and commercial success, and Sheffield 
men. among them Sir John Brown, the late Mr. J. D. Ellis, and 
the late Mr. W. Alien, of Messrs. H. Bessemer & Co., assisted 
greatly in the successful dcvoloprocnt and working of the process 
in this country. 

Ill the woids of Sir licnry Koftwmer's autobiography; " The 
early cxjKrinicnts were so far anccowful as to justify my«lf and 
some of iny friends in electing in the town of SheflicIcI a steelworks 
under the style of Henry ikssemer d: Comixiiiy, Limited. Those 
work.x were established both for commercial purpose.^ and also to 
serve as a pioneer works or school where the process wrts for several 
years exhibited to any iron or steel manufacturers who dwired to 
take ft licence to work under my patents." The Bessemer process 
waa being operated also by Messrs, Jolm Brown & Co., at the Atlas 
Works, Sheffield, in iflCi. 

Tlie remarkable metallurgical development of America in the 
seventies of last century was largely due to this pioneering work, 
the great American metallurgist, Holley, receiving his training in 
the Bessemer process at Sheffield. In this connection it is pleasing 
to recall the generous w<irds of Mr. Charles M. Schwab, wiicii 
President of the American Iron and Steel Institute. Sjxaicing at 
the annual dinner of our own Iron and Steel Institute, May 3rd. iQ2b, 
Mr. Schwal> said : " There has not been a groat process In iron 
and steel that has marked America or any otlier country 's develop¬ 
ment that did not have Its origin hera In Great Britain. Bessomer 
led the way, and that revolutienUad the industry. I know exactly 
how we were taught to make steel In America, but it originated 
in Great Britain. Then came the development of the open hearth, 
the Siemens hearth, and others, all of which were originally 
developed in ureat Britain." 

Thomas and GllchrUt 

TJie extension of the pneumatic process to dephosphorising iron 
in a baric-lincd converter was discussed by Snelus, and finally 
broi^ht to practical success by Thomas and Gildirist, All three 
received the Bessemer medal of our Institute. This completed a 
series of inventions of the highest importance from the standpoints 
of producing good and cheap steel, and saving fuel in the manu¬ 
facture, The part played by Sheffield in assisting these develop¬ 
ments, and applying them to the benefit of the nation, should not 
be forgotten. 

Siemeos-Mariln Oper>Haarth Process 

Wiilc these great changes were in progress the brothers Siemens 
were successfully applying their open-hearth " regonerative" 
furnace to the economical manufacture of steel, the perfection of 
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the dweJopmcat being aJso influenced by the joint work of Pierre 
of France. Tho Siemens^ifartin method made it possible 
m due course to produce ingots up to 150 or even 200 tons in 
weight, a feat which had hitherto been impossible. Indeed, as 
comparatively recently as 1850 it was thought to be a remarkable 
achievement when Messrs. Turton, of the Sheaf Works, produced 
an ingot weighing 25 cwt,, afterwards shown at the Great Exhibition. 

A paper describing the Siemens regenerative furnace and its 
application to reheating furnaces was presented to tlic Iron and 
Steel Institute by J. T. Smith in 1869, and it is interesting to recall 
that Mr. T. E, Vickers contributed to the discussion on that occasum. 
Messrs. Vickers started thoir open-hearth melting sliop in ib;i and 
were thus one of the first, if not actuaUy the first, in the She (Held 
distnet to put down open-hearth furnaces, 

Basic Bessemer and Baalc Open-Hearth Processes 

The development of these processes was well described l>y J E 
Stead in his Presidential Address to the Iron and Steel Institute* 
1920. It was in 1877 that S. G. Thomas conceived the idea of 
iwdenng the Bessemer and Siemens processes capable of removing 
phosphorus, basing his ideas on the researches of French metal- 
lurgists regarding the use of a lining of limestone instead of silica. 

1 BUenavon Steelworks with the assistance 

of P. C. Gilchnst and E. P. Martin. Work was continued actively 
on these lines during the ensuing year, the dephosphorisinf action 
being more clearly elucidated and a number of technical improve- 
^ts being effected. Important trials were made at Brown 
Wiey end Dixon’s works in Sheffield during xSra, under A. 
Cwper, and Ic was discovered that on running off the slag before 
the action of spicgol no rephosphorisation took place. As regards 
the basic open-bcar^procesj, /. H, Darby, in 1885, carried out this 
process at the new Br^bo Steelworb, this being the first establish¬ 
ment m Great Britain to produce basic open-hearth steel bv the ole 
and ore process. 


Other Workers of the Nineteenth Century 

Process in the metallurgical history of Sheffield became cumu¬ 
latively more rapid as the nineteenth century advanced, and it is 
^posable here to present any fully adequate survey of that period 
Bnef mention must, however, be made of a few outstanding names. 
Lucas, la 1815, w one of the first to perfect malleable cast iron. 
Kobert Mushet discovered, m 2858, a sdf-hardening tool steel which 
wiUd be ^ without losing its temper. That 

emment citiren of Sheffield, Sir John Brown, added grealiy to the 
citys renown, not merely by assisting the development of the 
Bwemer process, but also by his pioneering activities in the 
roJ^g of armour plates, the invention of coni^ sprbig railway 
bufiers, and other important work. So the talc goes on. Thenamw 
of Brovm • Cammdl, Firth, Ellis, Sanderson. Mappin, 

Wostenholm, E. Reynolds, T. Vickers, Wilson, Turton, Andiw', 
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Pox. Sfehohm, Howell, Doncaster,* Bcarckliaw, Bedtowl, Ha)I, 
Marsh, Ward, Colver, Jonas, Allen, Senior, Osbom, Spencer,* 
Stubbs, Balfour, Tozer, Rodgers, Hoyle, Wardlow, Ellin, Flather, 
and many others call tn mmd those who laid foundations on which 
later workers have built much of the science of metallurgy, the 
prosperity of Slieflield and the position of niir Empire. N<>r arc 
iiU these names associated only with the more recent developments 
of metallurgy in Sheffield: those marked with an asterisk are to he 
found also in Gale's Directory of Sheffield, published in 1787, 
Reference to the remarkable services rendered by I 5 r. H. Clifton 
Sorby, F.R.S., in regard to tlic discovery and dcwItkjvnoRt of the 
science of metallography is re.scrvcd for a later scctirm <if this 
paper. So, ttxj, arc references to the world's iiKlchtedncss to 
metallurgical clremists, and others who have contributed to the 
many brandies of metallurgical knowledge and practice. The rise 
of alloy »t«l also demands separate cciiisideration (Sectitm VI), 
but if may here be briefly mentioned that following the discovery 
of msngancM steel came nickel steel, silicon steel, aluminium steel, 
chromium steel (which later included the splendid work by Brenrley 
in discovering the application of certain types of chrrtmium steel to 
cutlery and many other purposes), vanadium steel, tungsten steel 
(with regard to wluch In its early stages we were indebted to Musbet, 
who worked in this city with the well-knosvn steel makers, Messrs. 
Osbfirn), and many other binary, ternary and ciuatemary alloy 
Ktecis amongst them the m<ffe recent corrosiyii*pronf and heat- 
resisting steels of today. Many of these arc of compositions 'vhich 

would have been thought most cxtra<irriinary—in fact, impossible_ 

even at the end of the last century. 

World MetallurgUta 

Even from the brief outline In the foregoing pages It can be seen 
that this county, and Sheffield in particular, can claim to have led 
the way in the ocvclopmcnt of modem high quality steels and alloy 
steels, without which modem enmneering applications could not 
have reached their present remarkable state of development. At 
the sarnc time, invaluable ccmtributlons have been maue by many 
(jthers in most of the leading countries, and with the desire to render 
full recognition of the importance of their work, the author has 
prepared the following “national lists,'' which may be useful for 
references. 

Though it is impracticable to give here the names of all those 
who have made the metallurgy of iron and its alloys what it is t^ay, 
some of the more prominent workers are mentioned below, specially 
as regards the heat treatment and metallography of alloy steels, 
and references to others are given elsewhere in this paper. Many 
of these, alas, have passed away, but their work will endure and their 
names should not be forgotten. 

Crtai Briietin .—To the credit of Great Britain there is the work 
of Sorby, Roberts-Austen, Stead, Riley, Vickera, Spencer, Cooper, 
Dale, Martin, Richards, Arnold, R^cnhain, Carpenter, Louis, 
Desch, Harbord, Rylands, Samuelson, WiUiams, Wright, Sandberg, 
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Prorcssor Albert Seuvcur 
Bawmer MecUUist 1934 


C M. Schwab 
Bessemer Medallist 193 j 
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PLATU 22 


F. Osmond 

B«ssem«r MoHaflist 190^ 


A. Pourcel 

Boasomex MedaUifiC 1909 





Turner, Talbot, Sanitcr, AitchUon, Brearley, Hatfield, Henshaw, 
Andrew, Swinden, Dickenson, Monypenny, Kayaer, Edwards, 
McCance, and others. The late Sir Frederick Abel conducted a 
number of valuable researches, particularly in reference to carbon 
steels, and for these and other research work be received from the 
Iron and Steel Institute the much prized recognition of the 
Bessemer medal. 

In the early da}^ of the author’s work in Sheffield he reoeived 
much help an4 encouragement from his father, Mr. Robert Hadfield ; 
the late Dr. Clifton Sorby, F.R.S.; Dr. W. M. Hicks. F.R.S.; 
Ihxjfessor W. Ripper ; the late Professor L. T. O’Shea ; ITofeasor 

i C>. Arnold, F.R.S,, whose valuable researches in the metallurgical 
b<iratc>rk*8 of tbc Slicfficld University, including work on the 
devekipment of high-speed tfxd steels, have con tripled largely to 
modem progress ; Mr. T. Andrews, F.R.S., and many others. 

Tbc world at large should be specially grateful to the band of 
scientific tvxirkers—amongst others, such men as Gore, Barrett, 
the Hopkinsons, father and son, Roberts-Austen, Arnold, Bauerman, 
Calleiidar, and those of otlier nations mentioned below—who 
thought that the study of metallurgy was worthy of recc^nition. 
It is largely owing to their effiorts that we have been able to progress 
so rapidlv, and to establish metalluigy' as a part of science instead 
of an empirical art, 

Unilcd SiaScs 0 / AnuricA .—Prior to about the middle of last 
centopy the United States could cldm little in the v'ay of contri¬ 
bution to metallurgy, but since that time there have been many 
who have helped on the work of research and application. Amongst 
them mav be mentioned R. W. Raymond, A. L. Holley, T. Sterry 
Hunt, william Metcalf, R. W. Hunt, Thomas EgJestoii, Abram S. 
Ke^vitt, H, M. Howe, John Fritz, J. D. Weeks, E. G. Spilabury, 
Charles Kirchboff, James Gayley, John Hat's Hammond, Juc^ 
E, H. Gary, J. A. Farrell, Charles F. Rand, Herbert Hoover. Also 
there are su^ names as those of BonneviUe, Wellman, Keep, 
CLimer, Sauveur, Hibbard, Burgess, Campbell, Moldcnke, Jeffries, 
Northrap, Stoughton, J. L. Cox, Strauss, Howe Hall, Becket, 
Hoyt, Mck, Waterhouse, and others. 

FwJife.—Wilhout presuming to establish any order of precedence 
or merit, the author’s mind turns first, as regards French metal¬ 
lurgists of modem times, to the work of Osmond and ie Cbatelier, 
specially in connection with pyrometric developments, the prepara¬ 
tion of heating and cooling curves, and other advances in physical 
methods. Then, too; there is Dr. Lion GuiUet, Member of the 
Acad^iie des Sciences and Professor of Metallurgy at the Con¬ 
servatoire des Arts et Metiers, Paris, who has made important 
contributions to our knowledge of iron ^oys and other mctalluigical 
problems. Another tribute to the important metallui^cal work 
carried out in France in modem times must cert^nly include the 
names of Bnistl^, GrUncr, Barbier, Euverte, Gautier, Van de 
Monde, BacM, Charpy, H. le Chateher, A. le Chatelier, Cheneveau, 
Chovenard, Dumas, Robin, Frimlnville, Fremont, Fr^my, Girod, 
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GuiUaume, Gaillcrv, Grenet, Harmct, Heroull, Jourdam, Pieno 
Martin, Moissan, Mugyct, Osmond, Poured, Portevin, ^ladin, 
Schnddei, Worth, Weiss, Comu-Tbenard, and others. 

attempting to make a selection from among the 
names of German ^votke^s who have contributed greatly to modem 
metallmgical knowledge, the following names immediately suggest 
Uiemselves: Wedding, Ehrensberger, Mars, Martens, Maurer. 
Strauss, Ledebur, Oberhofier, Wtlsf, Fry, and others. 

Oihffr Countries .—As regards other nationalities, them must 
certainly be mentioned; 3elgiim. Greiner: Swcdcit. Akcrman, 
Bnneii, Benedicks, Wesfgrcn; Russia. Iklaicw, Tscliemoff; 
Ifaiy. Giohtti; Spain, de Elhuyar, de Zubiria; HoVmid, Onnes; 
Japan. H<»ida. 

A further tribute to tJje " internationality of mctalluigy ” is 
given in Section XII, in relation to the cosmopolitan scope and 
work of the Iron and Steel Institute itself. At the same time, 
while the ramifications of metallurgical work and progress extend 
all over the world, it redounds greatly to the credit of Sheffield 
t^t almost every leading metallurgist of modem times has not only 
visit^^ Sheffield, but has also kept continually in touch with its 
activities either by correspondence and co-operation or by actually 
working here for many years. 



Germany 


Friedrich A. Krupp 
BessefTier MedaUist tonz 


A. Ledebuc 
Hoo, Member 


X>r. H. Wedding 
Bessemer Medallist 1:896 




Colonel K. T. Bel^iew 


Plats 34 


Dr, Carl Denccllcka 
Sweden 

PetMmcr MedAdiet lOi? 


Dr. J. A. Brinell 
Su'Cdeo 

Bresemer Merlalliat xg^? 


Frofeeeor RKbard Aknman 
Sweden 

Bessemer Medallist i 33 j 


Professor K. HondA 
Deseomer l^^Uist igaa 


Professor F. CioUtti 
Italy 

Bowemer kte<iallist 1910 


Professor D. Tsenernoa 
Russia 

Hon. Vice-President 


Profeesoi K. Onnes 
KoUaad 
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VI. ALLOY STEELS 

Importance ol Alloy Steels 

Just as, withoot iron, we should revert to the c(»nditi<>ns of the 
Dark Ages, so, without alloy sieds, wc sliould he cast back, in many 
respects to the conditions of a century agt). In>n and the simpler 
forms rrf sted will not give us, for example, the Ixard-weanng tough¬ 
ness of manganese steel; the greatly reducerl rusting quajitjcs of 
chromium, cbromium-nickel and other steds; the wonderful 
energy-saving properties of silicon steel as used fi»r electric generators 
motors and tranRtorrners; the spocbl magnetic properties of 
tungsten and cobalt steds for permanent magnets, of manganese 
Steel for applications where Don-niagnctic material js required, and 
of certain nickel-iron alloys where extraordinarily high perme¬ 
ability at low inductions is required. In addition, there arc 
non-scaling steels, steds which are strong and tough at low tem¬ 
peratures. steds possessing considerable strength at high tempera¬ 
tures. and many others. 

Rise and Development of Alloy Steels 

The fiist use of alloy steels on a practical and commercial scale, 
leading subsequently to the remarkable range of materials now 
available dates from the author's discot'ery and invention ot 
manganese steel in 1882. In the words of the famous French 
metallurgist, the late Professor Floris Osmond, who was award^ 
the Bessemer Gold Medal of the Iron and Steel Institute in iqo6: 

The Hadheld discovery and invention of manganese steel was 
not only the discovery of a new alloy, curious, of great scientific 
value, and yet useful, but in tlie history of the metallur^ of iron 
it ranked as a discovery equal in importance to tliat of the effect of 
quenching carbon steel, and was the only one of the same order 
which it had been reserved for our age to make." 

Then followed the author’s jni*cntion of silicon steel and his 
original paper on chromium steel, presented to the Iron and Steel 
Insbtute in 18^, with, later, researches on nickel, tungsten, 
molybdenum, vanadium and other steels. Careful estimates have 
shown that the Hadfield inventions of manganese steel and sihcon 
steel alcTie have already saved the world between ijoo and /800 
millions—maitfanese steel by its extraordinary and unique qi^ties 
of durability and toughness, and silicon steel by greatly reouang 
energy losses in electrical machinery and apparatus. 

While the credit for the initial development of alloy steels 
undoubtedly belongs to Sheffield, workers in many countries have 
helped to bring alloy steels to their present position of high import¬ 
ance, It would be difficult to mention all who have assisted, but 
the following list represents most of those chiefly concerned: As 
regards Great Britain, Aitchison, Arnold. Brearley, Carpenter, 
Dttch Dickenson, Gowland, Hatbord, Hatfield, Heycock, Mosliet, 
Riley, Rosenbain. Saniter, Stead, Turner. Vickers ; in the United 
States Becket, Burgess. Campbell, Hibbard, Howe, Zay Jefines, 
Mathews, Metcalfe, Sauveur, Stoi^bton, Strauss, White; m France, 
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Brustlein, Charpy, Dumas. Girod. Guillef, H. LaChatdier, HerouU, 
Moissan. Osmond, Portevin, Poured, Schneider; in Germany, 
Ehrensberger, Ledebur, Mare, Martens, Maurer, Monnartz, Strauas, 
Wedding; in Sweden, Akerman, Benedicks, Brinell and Westgren: 
in Italy, Giolitli; in Japan, Honda; and in Russia, Tscliemoff 
and Beiaiew. 

Maaganede Steel 

As recounted more fully in the author’s book, hleUtUmp and iU 
lnfiu4nce on Moi^ Pro^esi, it was largely a brochure issued by 
the Terre Noire Company at the great Paris Exhibition of iSyS 
that inspired him to undertake a series of experiments on alloys of 
steel. This in turn led to his discovery and invention in iSda of 
manganese steel. 

Figure VIII shows the original specimens exhibited by the author 
at the reading of his first paper on Manganese Steel before the 
Institution of Civil Engineers in 1887, in which he described the 
researches which led to the discovery of this material. 

The alloy now generally described as the Hadfield manganese 
steel, consisting of an alloy of iron with from zi to 14 per cent, of 
manganese and about rzs per cent, carbon, is still one of the most 
remarkable materials yet produced. Whilst the compo^tion of the 
aUcy is the same as tl»t first produced by the author, the manufac¬ 
ture of the material has been greatly imp^ved, including the heat 
treatment, to which its moat useful qu^ties are largely due. Its 
principal characteristics may be summarised as follows:— 

(«) When water-qnench^, it is practically non-magnetic, not* 
withstanding the fact that it contains about 86 per cent, of iron. 

(^] It is greatly toughened by quenching instead of being hard¬ 
ened and made comparatively brittle, as >s the case vhth carbon 
steel. Conversely, it is rendered brittle and magnetic by annealing 
for some 40 hours at about 500* C. 

(c) It has high tensile strength (60 to 70 tons per square Inch when 
suitably heat-treated), combined with extraordinary eiongations,\'i2., 
50oreven 70per cent.,far exceeding that obtainable with the purestiron. 

(i) Its resistance to wear by abrasion Is greater the more severe 
the service to which it is applied. 

Even a slight deformation of an article made of manganese steel 
is accompanied by a considerable increase in hardness of the 
material, and the highest wear-resisting quaUties are developed 
under the hardest worlung conditions. In the undeformed state it is 
relatively soft, the hardness being then about 200 as measured 
by the Brinell test, but under mechanical deformatioii the BrincU 
l^rdness number rises to 500 or even 580. 

As already noted, water*quenched manganese steel is practically 
non-magnetic, and for this reason it has b^n employed in armoured 
and other structures near the magnetic compass in ships and aero¬ 
planes. Its electrical resistance is 71 microhms per cm .-cube, or 
seven times that of pure iron; the average thermal conductivity 
between 0^ and 100* t. is 0*027 ^ units, or about one-sixth that 
of pure iron ; and the mean coefilcient of expansion between 0^ and 
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100 • C. is 0 ooooiS per i* C., or about li times that of pure iron. 
These properties are the more rcnxarkable when it is remembered 
tliat manganese steel contains about $5 to 37 per cent, of iron. 

This steel has excellent casting qualities as regards fluidity and 
ability to fill moulds of intricate shape. Its fluid contraction is 
rather greater than that of ordinary steels and amounts to from 
0 30 to 0*33 inch per foot, and the castings made from it arc par¬ 
ticularly free from blowholes. It is now possible to weld man¬ 
ganese steel parts successfully and to rccimditkm worn parts by the 
use c)f an uncoated electrode of a material {"Hadmang ”) which 
contains all the essential constituents m tho welding rod itself, 
forms lui slag and CNhibits in the deposited metal all the character- 
Lstic properties of manganese steel as normally supplied. 

The extraordinary combination of toughness and great strength 
obtainable in manganese steal by proper beat treatment and working 
renders it invaluable for such applications as special railway and 
tramway track work, the jaws and other wearing parts of crushing 
machines capable of dealing svith up to x.ooo tons of ore per hour, 
the wearing parts of excavators and dredgers, wheels of mine cars, 
of which hundreds of thousands are at work, wire-line sheaves for 
oil-well madiincry, sprockets, clutches and hundreck of other 
articles exposed to severe conditions—in fact, wherever special 
resistance to shock and abrasion is required. Among the many 
applications of manganese steel m connection with world-famous 
engineering schemes may be mentioned its use in crushers supplied 
to prepare material for the great Cauwry Mettur dam, and the use 
of manganac steel rails in the permanent way and approaclics of 
the famous Sydney Harbour Bridge. 

Some remarkable examples of the use and wearing q^ities of 
manganese steel are mentioned fully in the author'sbouk, MeUllur^ 
And its In^ugnce <m Modem Progress, and such instances could be 
multiplied almost indefinitely. A certain lay-out at a junction on 
the London and North Eastern Railway at the entrance to the 
Central Station, Newcastle-on-Tyne, constructed of "Era" 
manganese steel was put to work on October 30th, 1912, and was in 
use in 1924. This lay-out comprised 71 crossings and 2 x rai 1 crossings, 
with 77 intersections, aud during the twelve years it was in service, 
compared with only four or five years for the carbon steel lay-out 
formerly employed, the lay-out was traversed by some 3^ million 
trains, representing a total of 1,240 million tons, a large proportion 
of this being heavy express and fast main line trains. Amrther 
similar lay-out nowin use is showing the same remarkable durability. 

Another instance, in some respects even more extraordinary, 
is to be found in the " Era " manganese steel layout made for tbe 
Sheffield Corporation Tramwa}^ and installed in Fitzalan Square. 
The traffic at this central point is so heavy that the carbon steel 
rails and other parts formerly employed to be removed every 
few months, or even every few weete in some cases, but the first 
manganese steel lay-out was in use for six years, and was then replaced 
only because extra tracks were required. The larger lay-out then 
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installed gave twelve years’ service, and a similar lay-out is now 
m use with equally satisfactorv results. 

On the baais of very careful estimates, the total savings effected 
by the use of manganese steel now amount to the very considerable 
sum of £550.000,000. This takes into account representative but 
conservative estimates of the ratio of savings to first cost of 
manganese steel in various classes of applications, a ratio which 
rtoges from four to six or e\'en more times the original cost of the 
alloy steel. Also, in addition to the direct saving effected by the 
^ater dmbiJity of manganese steel, a saving which increases with 
the severity of the service, there is an important saving in the cost 
of dismanthng and renewing worn parts, to say nothing of the in¬ 
direct costs that may be occasioned by the interruption of normal 
working where and when parts are bcir^ renewed. 

Silicon Steel 

The whole of the electrical industry of today, in all but certain 
weak-current applications of relatively minor importance, depends 
essenti^y on the magnetic properties of iron and their utilisation 
m conjunction with Faraday's remarkable discovery of electro¬ 
magnetic induction. The total production of electrical energy by 
public supply stations in Great feritain alone exceeded 12 million 
kw. hr, in 1932, in spite of the industrial depression, but only an 
infinite sim a l portion of this energy could have been produced, 
and practically none for industrial purposes, without iron, alono 
or in allo3'ed foiro, in the magnetic circuits of the generators, 
transformers, motor generators, rotary converters and motors 
employed. The use of iron here considered is as a magnetic m^ium 
and quite apart from its mechanical applications in the same and 
associated equipment. 

The ess^tial part thus played by iron in electrical apparatus 
^d machinery is well known, thougli we are rather apt to take 
it for granted without fully considering what our position would be 
if iron wen not ch^p, plentiful and highly magnetic. The other 
magnetic metals, nickel and cobalt, certainly could not take its 
place, ev« if they were less costly than they are. Iron itself, 
however, is by no means an ideal material for the magnetic core« 
of electnc generators, motors, transformers and other apparatus 
though it is an essential constituent thereof. 

The author's attention was specially directed to the effects of 
silicon on iron as long ago as the year i88s. Thereafter, as the 
outcome of many years of research, the invention and application 
of silicon steel were developed and perfected. Numerous difficulties 
were eicpenenced in the early stages of the iittrodoctioji of this 
steel made under the author’s patents. The history of these 
developments and how the difficulties were overcome is given in his 
book.MeMlurgyand/islHjfwnu on Modem Progress.where reference 
IS also made to the series of researches, these being chiefly of a 
physical nature, which he carried out with the late Sir William 
Barrett, F.R.S,, and Professor W. Brown on manganese, silicon 
aluminium, chromium, nickel, tungsten and other alloy steels, 
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The first practical application of silicon steel took place in Sheffield, 
and special credit is due to Mr, S. E. Fedden, then General Manager 
of the Sheffield Corporation Electric Supplv Department, for his 
foresight and enterprise in this connection. Mr, Fedden, in October, 
1903, constructed the first transformer ever made from the author’s 
silicon steel. 

This was followed in 1903 and 1906 by furtJier transformers of 
40 and 60 KW capacity, which were put to use on the Sheffield 
suwly system. 

From these three transformers, which arc illustrated in Figure IK, 
and wliich now occupy an lumoured place for all lijnc In the Science 
Museum at South Kensington, sprang the ononnt>\« present-dav 
ase of silicon steel. It is further of interert that these transformers 
were made to the designs of Mr. W. Iv. Bumand, the wll-knovm 
electrical engineer of Sheffield, wJiose w*ork in the improvement of the 
design of transformers is also represented in the Science Museum. 

Steels containirig about 3 to 5 per cent, of silicon have higher 
permeability at low magnetising forces, lower hysteresis loss and 
higher electrical resistance than pure iron; confiec|uenlly, under 
magnetisation by alternating currents, it has lower cddv*current 
\os$ than pure iron. The maximum pormoalrility of roUed sheets of 
alicon steel is about 25 per cent, higher than that of pure iron, 
whilst the hysteresis Iok is initially about two*thirds that of pure 
iron and has been found to decrease during a period of years in 
sei^icc. This proi^erty of improving during use, instead of ageing, 
is in marked contrast to the behaviour of charcoal iron and the 
early dynamo and transformer steels, for the hj'stcresis loss in these 
materials often increased by 100 per cent, or more after a few 
months, and necessitated the periodical dismantling and annealing 
of transfonner plates. Owing to further imp^o^•ed practice in 
manufacture, silicon steel can noM' be produced having a total 
magnetising loss only slightly exceeding 1 watt per kilogram when 
tested at 10,000 gauss maximum induction and 60 c\'cles per 
second, and a pcnneabillty of 8,oco can be reached. 

Chromium Steels 

As far as can be ascertained, the first correlated and complete 
study of chromium steel—that is, such as w'as possible with the 
chromium feiTo*alioj's then available—was contained in the author's 
pa^ on ' Al^s of Iron and Chromium," presented to the Iron 
and Steel Institute in 2692. During the preceding two j'cars, in¬ 
vestigations had been made on a series of fifteen allovs containing 
from 0*22 to 1674 per cent, of diromiom. Amongst these allovs 
there were four which may be regarded as the forerunners of the 
present-day rustless steels ; their compositions were as follows 
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In a report presented m 1892 by the late Professor Osmond, 
and forming pa^ of the author's pajwr previously menfioneci, he 
stated that “the etching of Specimen 'L' (o-yi percent. C, 9*18 per 
cent. Cr) with nitric add may be continued as long as two minutes 
without seiLsibly altering the appearance of the sample. The 
polyhedrons continue brilliant and highly polished/’ He also 
added that “as the amount of chromium increases, a compound 
of iron, chromium and carbon appears to be formed, vritich is 
only partially attacko<l by add, and possess great hardness." 

In 1904 two series of clm^miiim steels, with chromium increasing 
by 8te^ up to 36 34 per cent., made at the tmphy Steel Works, 
were examined by Professor L, Guillef, principally from the |xrint 
of view of Iheir mctallographic constitutbn and mechajiical pro¬ 
perties. One of the specimens analv^^d contained 0*14 C an<l 
13*60 Cr, another 0*38 C and 14*52 Ct, and a third 0*21 C An<l 
22*o6 per cent. Cr. These resemble in thdr composition the high 
chromium steels of today. 

The subsequent development and perfection of rustless chromium 
steel and the later trapes of corrosion-resisting steels have been the 
product of many minds and much research. Friend, Bentley and 
West, in their paper on " The Corrosion of Nickel, Chromium and 
Nickel-Chromium Steels,” published in May, 1912, appear to ha\'e 
been the first to have published data showing that chromium steels 
possessed merits as regards their resistance to the ordinary forms 
nf corrosion by air and water as distinct from adds. They (Showed 
that, under alternate wet and dry conditions of exposure, a 5*30 
per cent, chromium steel was corroded at only 21 per cent, of the 
rate of ordinary tinalloycd steel, practically tixe same hgiire being 
obtained for its corrosion in sea water. In tap water the figure 
was 43 per cent. 

From about 1912 to 1914 Mr. Harry Brearley carried out hi? 
well-known experimental and practical work on high chromium 
steels, regarding which Dr. W, Hatfield, in a paper on “ Stainless 
Steels,” read before the Midland Institute of Mining, Ci\nl and 
Mechanical Engineers in 1922, stated that “it was in 1912-13 
that Mr, Brearley discovered that the 12 per cent, to 14 per cent, 
chromium steels, when in the hardened condition, resist^ success¬ 
fully general atmospheric and many other active fnfiuences which 
lead to corrosion.” The manufacture and heat treatment of this 
type of steel, and its application to cutlery, were further developed 
by Mr. H, Brearley, Messrs. Thomas Firth and Sons, and Dr. W. H, 
Hatfield, to all of \^om .special credit is due. The Iron and Steel 
Institute, in 1920, fittingly awarded the Bessemer Gold 3 Iedal to 
Mr. H. Brearley for his research work. 

It wTOuld be difficult to over-estimate the importance, not only to 
Sheffield, but also to the world at large, of the development of 
"stainless” steel, leading, by the labow 3 of many workers in 
different countries, to a whole ran« of corToaon-resisting and heat- 
resisting steels which have UteraJIy revolutionised many branches 
of engineering and other industries. Further developments followed 

48 


m the evolution of austenitic stainless steels, in whidi many workers 
^rtidpated. including those in Sheffield, also in Gennany, France, 
Amenca and elsewhere, until now, on foundations established bv 
Sheffield metallurgists, the world has the inestimable advantages 
of special steels meeting the requirements of modem industry 
whether as re^ds resistance to acids, alkalis or other corrosive 
substances, or high temperatures and the attack of gases and slags in 
furnaces of all kinds. Moreover, the I'cmarkable retention of 
strength of tJie latest heat-resisting steels at high temperatures is 
an invaluable quality where tJio valv« of internal combustion 
engines or the blades of gas turbines are concerned, Uven withui 
the present limitations of space, some reference mu.st be made to 
recent developments in each of these fields, 

Chromium-Nickel SteeU 

The development of liigh chromium-mckel steels of varying 
types has arisen out of, and been associated with, the numerous 
investigations of the Neo-Mctallurgie Co., Monnartz, Maurer, Strauss, 
Gruner, Haynes, Breailey, Messrs. Firth-Brown, W, H. Hatfield, 
Messrs. Brown Baylcy’s Steel Works, Ltd., J. H. G. Monypenny and 
oAers. Much valuable research work and many practical applica¬ 
tions of these classes of steel have also been carried out in France 
by La Soddt^ Anonyme de Commenlry Founiambault et Decaze- 
viUe, including the important special investigations by Dumas, 
Guillaume, Chevenard and others at tho famous Imphy works of 
that company. 

In addition to their own preahous work on chromium-nickol 
steels, the author's firm, La Sodete Anonyme de Commentry 
Fourdiambault ct Decazeville, of France, and Messn, The Midvale 
Steel Co,, of Nicetown, Pa., U.S.A., now collaborate and unite in 
developing this and other special alloy steels under thdr group of 
patents and manufacturing practice. 

The most generaUy used types of high cluomium-nickel steel are 
low m carbon and contain from 15 to 22 per cent, of chromium, 
witli 7 to 14 per cent, of nickel. Such alloys have a specially wide 
i^ge of resistance to corrosion, and overcome many of the mfficul- 
ties experienced in the chemical industries. The technique of their 
poduction has now been fully established, making them available 
in all the various forms required, including castings and forgings 
rolled sheets, and bars, tubes and wire. With suitable moifica- 
tion of machining methods, they are also readily machinable. In 
view of the extended use of welded constructions, it is also satis¬ 
factory that each of the several welding methods can bo applied 
to these alloys, the process being in all cases of an autogenous 
character. 

Heal-Resisting Steals 

The term " heat-resistir^ " steels refers to an important series 
of speaal steels which resist oxidation or scaling and other forms 
of corrosion at high temperatures, wliile also retaining a high degree 
of mechanical strength. In general, the alloys contain high per- 
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centa^es of nickel and chromium, variable in amount according to 
the uses and properties demanded. The addition of other elements, 
such as silicon and tungsten, in comparatively' small poportions, 
has been found beneficial in special cases. The iron content of 
some of the later products barely exceeds 50 per cent. 

High chromium (12 to 14 per cent.) steel po&sesses useful 
characteristics in regard to, maintained strength, and scaling to a 
much less degree than ordinary steel op to moderately high tempera¬ 
tures, On the other hand, the strength of this material ducreascs 
rapidly at temperatures abcA^e 650® C., and it practically loses its 
non-scaling characteristics at 850* C. Consequently, for example*, 
it is unsuitable fur the valves of nuKleni high-duty aeroplane engines 
or for such articles as the boxes in which steel ])arts arc heated with 
their carbonising mixture for case-hardening, the temperature in 
this instance reaching 1,000® to 1,100® C. 

The addition of silicon, in amounts up to about 3 per cent., has 
been found to poducc a marked improvement in the non'scaling 
characteristics of high chromium steel, and to result in some improve^ 
ment in strength at high temperatures. Beyond, however, about 
800® C., the qualities are still Mow pact) cal requirements in many 
directions. 

Prolonged research by the author’s hnn in collaboration with the 
Soci^t^ Anonyme dc Commentry Fourchambault et DecaaeviUe, of 
Imphy, has resulted in the evolution, amongst others, of the type of 
high percentage nickehchromium steel known as " Era/ATV,’' 
which has quite exceptional stte^h and non-scaling properties at 
high temperatures, while still being of reasonable cost. This steel 
has proved more than equal to the highest reqiiirements yet imposed 
by the designers on the exhaust valves of motor car and aeroplane 
engines. It is used at bright red heat and under high centrifugal 
and other stresses in the rotors of exhaust gas turbines working at 
a temperature of 800® to 930® C. and speds of from 30,000 to 
50,000 r.p.m. These rotors, illustrated in Figure X, are of further 
interest in that certain portions are at the same time subjected to 
the very low atmospheric temperatures experienced at high altitudes, 
which may reach as low as —50® C.. a striking illustration of the 
extraordinary duties which modem alloy steels are called on to 
perform. 

The use of modem heat-resisting steels is rapidly increasing in 
boiler-house work, furnace construction, recuperators, retorts 
and, in fact, high temperature apparatus and processes of all 
kinds. Marked ^vances have been made during recent years, not 
only in the composition and properties of tliese materials but also 
in the methods of prepaiing and working them, which are of great 
importance as regards their application. Castings of such steels can 
now be made from a few ounces to several tons in weight; forgings 
in all sizes; rolled products from large bars down to sheets, strips 
or wire; and tubes in cast, relied or drawn form. The progress 
made in regard to ductile heat-resisting steel enables drawn tubes 
to be produced capable of resisting oxidation up to T,ioo® C. 
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At the other end of the scale from the many industrial appUca* 
tiotis of this material, a case recently came to the author's notice 
in which it ^vas found very advantageous to use beat‘re$lsting steel, 
instead of the cast iron formerly em^oyed for the bars of a domestic 
central heating stove burning coke or anthracite. Whereas tlie 
cast iron bars burnt to less than half their weight in a few weeks, 
the heat*resisting steel showed no appreciable deterioration or loss 
of any kind after six months in service. At this rate, the wliolc 
cost of the heat'resisting steel bars would be covered in considerably 
loss than a year by the elimination of the cost of renewing the 
" cheaper “ cast iron bar*. As there is every indication that the 
heat‘resisting steel will last indefinitely in this service its use will 
prove a must profitable investment. 

Corrosion'Reslsting Steels 

The highest resistance of these steels to tlie attack of many 
chemical agents, together with their superior mechanical strength, 
renders them speci^ly suitable for industrial plant exposed to the 
attack of active chemical substances. Certain grades, rolled in 
sheets, can be readily pressed to form motor car radiator fronts, 
domestic utensils, and articles of a similar character. Others, 
made in the form of casting and forgings, are used in pumps and for 
parts of machinery working in corrosive liquids. Their resistance 
to the action of wet and damp atmospheres and deleterious liquids 
has led to their wide adoption for to^ studs for the guidance of 
traffic. 

Specially interesting, too, is the use made of non-corrodiblc steel 
in the preservation of St. Paul’s Cathedral, London. Tie rod.s made 
from ordinary steel or wrought iron rvould doubtless have lasted 
many years before their eventual destruction corrosion, but the 
committee responsible for this important work wisely took advantage 
of the latest metallurgical progress, whicli indicated that corrosion 
need not be regarded as an inevitable evil. Figure X shows the 
new reinforcements for the pillars supporting the dome, and re* 
placing those of wTought iron originally xised by Sir Christopher 
Wren, P.R.S., consisting of tie bars, 3 and 4 inches in diameter, of 
high chromiujn*nickel steel having a tenacity of 45 to 50 torw pet 
sq. in., with cast couplets and plates of the same material. 
The use of Sheffield non-cnrrodible steel in the restoration of St. 
Paul’s also includes a large chain for encircling and reinforcing the 
famous dome itself. Non-corrodible steel is now being used ex* 
tensively in this country, the United States and elsewhere for 
vital parts of new buildings as well as in renovations. 

Armament Steels 

It is obviously iiupossible to give precise information concerning 
the composition of steels used foe m^ers annament and ordnaoce. 
It may, however, be said that alloy steels play a vital part in all 
the means and instruments of defence and offence. Happily, 
too, the develwment of alloy steel for the purpose of peace has oeen 
largely assisted by research and experience in their application to 
war material. 
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As some indk&tion of what may be expected from modem armour- 
piercii^ projectilea, it may be mentioned that projectiles of 15 in, 
or 16 ia. calibre, made by the author's ftrm. pass completely through 
a hard-faced armour plate iz in., 14 in,, or even x6 in. in thickness, 
not merely normally, but with the plate inclined 15*, 20*. and even 
30*. Moreover, the projectile remains unbroken with its explosive 
charge ready to burst inside the armoured vessel. In a typical 
case (Figure the projectile fired at a velocity of about 1,750 foot- 

seconds, equivalent to i,200 miles per hour, passed through a xs in. 
plate in 0 0039 of a second, and was recovered unbroken. The 
amount 0^ energy absorbed in accomplishing this task was about 
35,000 foot-tons, and 720 lb,, or ij cu. ft., of metal had to get out 
of the way of the projectUe in about the four-thousandth of a second I 

The important fact in these days of pcace-^nd long may they 
continue-HS that the skill, experience and equipment required 
achieve these remarkable resulU is available for, and is applied to, 
the manufacture of peaceful products equally satisfactory in the 
uses for which they are intended. 

Steels for Steam Turbine Blades 

The couditicna to be met by any material used for the blading 
of modem steam turbines are extraordinarily diflicult. They In¬ 
clude not merely the retention of satisfactory mechanical properties 
at high temperatures, as regards strength and resistance to fatigue, 
hut ^ resistance to corrosion and erosion by wet and possibly 
contaminated steam. That the.se requirements have been met will 
be gathered from the fact that the Hecla/ATV steel, developed by 
collaboration in research and practical application between the 
author’s firm and the Commentry-Fcurcnambault Company, of 
France, has already been adopted for steam turbinestotallingabout 
3,000,000 H.p, These applications include, it may be noted, m new 
French liner NortnandU and the latest and fastest French destroyer. 
The complete blading of the four main turbines of the NomMdie. 
developing x6o,ooo h.p., required the use of 6d tons of this alloy 
steel. The proven resistance of the steel to corrosion and erosion, 
and the retention of favourable mechanical properties at higli 
temperatures were decisive factors in its adoption. The fact that 
the coefficient of expansion of the steel is very nearly equal to that 
of the nickel-steel discs is a further predict advantage of great 
importance. 

In the 85,000 kW plant of the Imperial Chemical Industries, 
Ltd., at BJiIngham, "ATV" steel is employed for the rows of 
turbine blading subjected to the mo^t severe conditions, that is, at 
the high pressure end of the primary turbines. These turbines are 
required normally to operate with steam at 630 lb. per $q. in, 
gai^e, and a temperature of 433* C {833* F.), exhausting at a 
pressure of 375 lb. per .sq. in. 

Tool Steels 

Some of the most complex steels yet developed have been for use 
in machining otlier stceJs at high speeds and with heavy cuts. The 
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pioneering work of the father and son, in regard to self- 

hardening bteel will always be remembered in this connection. 
Though largely empirical in nature, as was inevitable in the ’fifties 
of last century, it represented an important practical advance on 
anything previously available. T.atcr, and specially about the 
commencement of the present century, important advances were 
effected in America, and n vast amount of research was devoted to 
the subject in Sheffield—Including the wfffk of Arnold in the Uni- 
versity laboratories, in demonstmting the groat value of vanadium 
additions. As years went on, tool stevls l)ccamc even more complex 
and tlieir performance yet more remarkable. Mushet’s lun^rn 
steel permitted n cutting speed about 50 per cent, higher than would 
hr iwed with ordmary carbon steel, but from lo to 20 timts tlie 
speed attainable with carbon steel tools are now regularly employed 
where modem tool steels are use<l. 

A remarkable instance of the advance in tool steels is to be found 
in the fact that there h now available a material containing no 
fewer than nine elements, namely, iron, carbon, manganese, 
chromium, nickel, tungsten, cobalt, vanadium, and molybdenum, 
which is capable of madiining manganese steel itself. This achieve¬ 
ment—for many years considered impossible—has led to an ex¬ 
tension of the already x aried applications of manganese steel. 

Structural and High Tenacity Steels 

In the space here available it is Impossible to do more than outline 
the nature and application of the many special steels which have 
been developed for general engineering and coustructlonal purpose.^. 
The complexity of the subject is increased by the fad that, in certain 
instances, ternary and quaternary alloys have been found most 
suitable for some special purposes. Leaving out of consideration 
manganese and silicon steels, which have already been fully dis- 
cu.«sed, high tenacity engineering steels are mainly, but by no means 
invariably, of the chromium, nickel or nickd-chromium type, 
sometimes with the addition of other elements. 

Specially interesting examples of the use of higli tenacity alloy 
steels on a large tonnage basis for general constructional purposes, 
as distinct from machine parts, tods and industrial equipment, axe 
to be found in the field of shipbuilding. From the earliest days in 
the replacement of wood by iron in shipbuUding, the feirous 
metallurgist has contributed enormously to the sise, strength and 
general efficiency of ships. Apart from developments in power, 
where the use of alloy steels has been of revolutionary effect, 
specially as regards the blading of steam tuibiaes and the valves of 
I^iesel engines, further reduction in the weight of the hull without 
loss of strength and rigidity has alwa)’$ an incentive, which 

it has been the endeavour to satisfy by the adoption cf steels 
stronger than the usual mild steel. Any such reduction is naturally 
available either as useful cargo tonnage or in providing displacement 
for propelling machinery of increased power. For the highest 
performances in speed, the use of high tensile steel appears, in 
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fact, to have become essential. It :s understood ‘ 

and her sister-vessel Buropa owe theif success lately to the 

use ol such steels in their hulls. In the first-named some 7,c»o 

tls%t\x a tensile strength of 33 to 38 tons 

corporated. resulting in a reported saying of about 800 tons m 

iSKt. The hull of the new French liner Noymandie js sUted to 

include 5,000 tons of high tensile steel. 

Notwithstanding all the difficulties associated wth «iy ^ul 
heat treatment of tonnage steels, such as ship plates, and tJi^act 
that the modulus of elSticity of high ton&le steels tUxa n(>t mcre^ 
to anv important extent with the ultimate tensile strength, thm 
has lien considerable pnigrcss in the alloying of 
with a comparatively small percentage of alloying element. S^^ul 
steels with tenacities up to 43 tons per sq. m. a pro^r 
tionaJ limit up to 17 tons, with exceUent 
are now indi&d among those go^'emcd by 
Ordinary mild steel ship plates have a tenacity of 28 to 32 tons, 
aSa^portional limit which is low and indefinite. Tht steins 
^lojld certain a comparatively small proportion of sdicon or of 
SSg^ese-in the first instance about i per cent,, and the 
latter from I to 2 per cent. 

Steel of the former type was used for a constable portion ol 
the superstructure of tie Maurslania and Li^tama, resuUn^ m 
wch cSe in a reduction in weight of frt^ 200 to 300 tons, wto, 
«the same time, an appreciable increase m strength 
concerned The latter type contains mangane^ to extent of 
Mr cent. Its useful properties have becoine well 
established ifimany other dircaions by 

vear 1804. and it has been regularly adopted by the British Admtt 
dty. un^ the designation *' D quality," for certain of hi^ 

twile ship plates. One of the latest instances of the ^ of high 
elastic liimt steel is in top^des ol the s.s. Empress 0/ Bniatn. a 
vessel whidi has deservedly attracted much attention « piece 
of shipbuilding fully meeting the high rcqvurcmenU of today. 

Considerations of expense and the nec^ity for 
cautiously with the use of new matenals m bndges ^d otoer hea^ 
SJictures will make the rate of progress slower than m smal^ 
constructions, but developments in this direction have already com¬ 
menced, and they will not cease. Alloy steels, when 
selected and properly treated, can be used under abnormally ^fficult 
Snditions wth^ high a factor of safety as ordinary mild steel 
under its usual working conditions. 

The foregoing brief review of some of the more recent develop¬ 
ments in the uses of alloy steels purposely makes 
important heavier industries such as the rnanufarture of 
plate and the production of very large fo^ngs. Sui^ referenc^ 
the author feels, may best be left to 

in these branches of manufacture, m which our local fin^, the 
English Steel Corporation and Messrs. Firth-Biown, have established 
a high reputation. 
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VII. METALLOGRAPHY AND HEAT TREATMENT 

The R[se of Metallography 

The honour of discovering and initiating the science of metalto* 
grapliy, and of leading the way in the study of the microstructure 
of nicies undoubtedlj* belongs to that famous citizen of Sheffield, 
the late Dr, Henry Clifton Sorby, F.R.S. Oo the foundations he 
laid, the intricate sdence of modem metallography has boon built 
up with the assistance of many able workers m many countries, 
but the first steps were taken by Sorby alone. Without mctall<j- 
graphy and the knowled^ of the structure of steel tliat lias been 
obtained by its aid, the art of heat treatment could not have Iwn 
reduced to tlie precise science that it is today. 

Sorby prepared, in 1849. the first rock slice ever made for micro¬ 
scopic examination ; and his first microscopicaJ study of igneous 
rocks ^vas presented in a paper read before the Geolo^cal Society 
of London on December 2nd, 1857. For a long time his methods 
and conclusions were treated with derision. Professor Judd, one of 
Sorby's friends and chemist at the Cyclops works, stated tliat about 
the year 1870 " microscopic petrography was alwaj’S ridiculed by 
the powers that were ” They said: " You can't study mountains 
through microscopes,” but time has shown that Sorby was right. 

It was in 1885 that Sorby was first able to show the true composite 
nature of the "pearly constituent ” of steel as an abrogate of 
parallel plates, Tliia was the earliest recognition of the separation 
of a constituent of definite composition from a solid solution, and 
may bo considered the crowni:^ achievement of his microscopical 
research. These important facts were announced to the Iron and 
Steel Institute in 1S86. 

After Sorby’s paper of 1886, and specially after his great paper on 
•' The Microscopicw Stnictnro of Iron and Steel,” read before the 
Iron and Steel Institute in 18^7, much activity was displayed by 
other investigators in the field which he had so brilliantly started to 
exiore. .Actually, however, the pioneer work was done by Sorby 
during tlie 'fifties and 'sixties. As M. Frdroont, the well-known 
Frendi engineer and metallurgist, recapient of the Bessemer Gold 
Medal, has said : " It was Sorby's discovery of the method whereby 
the structure of a metal was laid bare to microscopic examination 
that gave him the riglit to the title [of pioneer]. The method he 
used to prepare his rock sections failed him with metals, because the 
latter, even in very thin sections, are not transparent. Sorby, 
however, discovered that by suitably etching a perfectly polished 
surface of metal, the structure was revealed to microscopic examina* 
tion.” 

A remarkable collection of Sorby’s early etched specimens of iron 
and steel for micro examination is preserved in the Museum of the 
Applied Science Department of Sheffield University, There are no 
fewer than sixty of th«e specimens dating back to the years 1863 
to 1865 ; and it was from work on these particular specimens that 
modem metallography arose. 
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High Magolficaiions 

Progress in the inctliods and equipment of microscopy has been 
an essential factor in the present high development of metallography. 
Magnifications up to S,ooo diameters of iron and steel specimens 
were effected as early as iq2i in the Hadheld Research Laboratories, 
and magnifications of 500, i,o(»o and 1,500 diameters are of course 
quite common. 

The following tabic may be <kf interest as showing the extent of 
such magnifications. If the largest magnification mentioned, that 
is. $.000 diameters, could be applied to the vvholc area ol a micro- 
section 0*4$ in. square the enlargement wtmid be sq. ytl«. in 

area, <3r about the sisc of Trafalgar Square. Or, to p\xt the same 
fact in an even more striking manner, If the accompanying photo¬ 
graph of Trafalgar Square, which is reduced tf) 0*48 in, square, 
could be examined at 8,00c diameter magnification the oi^ects 
would all appear approximately full »2c. Actually, of course, tlic 
grain of the photographic emulsion would pret'ent any detail t^ing 
visible at such nn enormous magnification. 


Size of 

MagnificatUm 

Area as inaeniHcd. 

Specimen. 

(Diameters), 

Sq, yds. 

Sq.ft. 

0*48' 

125 

3*8 

25 

square 

250 

II 

ir»o 


SCO 

44 

400 


1.000 

178 

1,600 


2.000 

711 

6.400 


4.000 

2,844 

25,600 


8,000 

11,378 

102.400 


Present Importance of Metallography 

No branch of metallurgical progress has done more to help on 
our intimate knowledge of ferrous products than mctallographic 
examination. Without its aid it would have been impossible to 
make use, with the same understanding of their properties, of the 
various and numberless allo}^ of steel developed durir^ the last 
25 or 30 3^ear3. Tens of thousands of photomicrographs must now 
be prMuced annually throughout the world showing, with much 
advantage to the metallurgical Industry, the structure oi our 
products, the results of our manifold thermal treatments and 
their effects upon mechanical and phy^cal qualities of various 
nature, and bow these qualities may vary from the lowest to the 
highest temperatures. 

An interesting application of metaUograpbic examination at high 
temperatures is described by Esser and Cornelius in Slahl smd 
StsfH. May iSth, 1933. It is believed that this is the first time 
microscopic examinations have been made at temperatures up to 
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as high as i.ioo* C. There is no doubt the method opens out a wide 
field and it is to be hoped that others will come forward and devise 
means for examining metals of all kinds at low temperature down 
to absolute zero, specially in view of the important papers whi^ are 
oresented this year on the subject of the mechanical qualities oi 
various aUoy steels at low temperatures in the range from -i62 
down to “ 25a'8* C. 

Heat Treatment 

Two of the essentials to successful heat treatmeot arc metaljo- 
graohv for examining the structure of metals, and pyrometry Jt^r 
measuring the temperatures to which the matcnal is subje^. 
The importance of Sorb/s work in studying the structure of metals 
has been mentioned above, and there is no doubt that t^s 
followed later by the introduction of the thermcKouple by Profe^r 
H. Ic Chatelier, together with the study of heating and cMliog 
curves and thermal changes by Gore, Barrett, Osmond, Roberts* 
Austen. Stead, Arnold, Rosenhain, Carpenter, and others, formed 
the basis of the great scientific advance m metallurgy, raising it 
from an empirical art to a more or less exact science. 

It is barmy too much to say that pnor to le C^telier s work on 
the pvrometei and the pioneer work of Gere, Barrett, Omond, 
RobCTts-Ausien, and Arnold conceming the effects of thermal 
treatment on the molecular structure of iron and steel, we had to 
trust lareelv to rule of thumb methods in heatmg these metals. 
Indeed, many ol the " methods " were little better than gueawork. 
Yet steel is one of the most sensitive of maUnals as re^ds heat 

treatment; in fact, the '^thcrmalhistory"ofthemeta]jsa 5 mipr>r^t 

as its chemical compoation in determining its mechanical ana otn^ 
woDerties. It is curious to reflect that as comparatiwly rec^tly 
£ March asth, 1893. that is, forty years ago, the state of our science 
was such that the author was able to say, 

Metallurgical Society of the Technical School, Sheffield, Why 
should it not be possible to know, with the aid of the valuat^ le 
Chatelier pyrometer, the temperature of our furnaces, whether 
melting, heating, or annealing, just as we observe the tem;«rati^ 
of our rooms ? We should then be led to study more carefuUy the 
Jaws relating to molecular structure, of which at present we know 
comparatively so little, that is, as regards their applicatiw m a 
Dtartkal way No doubt the steel maker of the future wiU send 
out his producb labelled with theexact temperatures tobeemployed 
in order to get the maximum hardness with the nunimum of hnltle- 
ness At present almost every toolsmith has ms own empi^cai 
method of detenaining hardening temperatures. What then 
might have seemed a bold prophecy has long since come to 

Extensive experience amd much research have been needed to <^- 
cover the best methods of preparation and heat treatment for speciw 
steels, and the fact that heat treatment is an essential factor m the 
preparation of alloy steels for service, and the remarkable resulW 
thus obtained, have led to an increased appredation of the po^i- 
l^ties of heat treatment in connection with carbon steels. An 
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excellent indication of the wide range of temperatures covered by 
mcKlera research, together with a most useful presentation of data 
relating to the diflerent elements and other substances of interest 
to the metallorgist, is afforded by a new temperature chart recently 
completed by the Hadfield Research Laboratories. The tempera¬ 
tures dealt with range from absolute £cro up to that of the electric 
arc, about 3,700* C., and a large amount of information is presented 
in a form specially convenient fur reference and comparison. 
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VIII. METALLURGICAL CHEMISTS 

Importance of Cbemistry in Metallurgy 

It II impossible to exaggerate the <lebt of the metallurgist to 
chemistry. In fact, for more than fifty years past, it has been 
eaential for the metallurgist hiinsoU to be a chemist of no mean 
qualifications, so closely does chemistry enter into every pha.se of 
metallurgical research and practice, fn addition, the mctalUirgist 
must be able and willing to co-opt and apply the restnircos of physKU 
in reg^ to metallographic examination, mechanical, olectneal, 
magnetic, thcmal and other tests. Hut first comes chemwtry 
without the application of wliicli it is iinp(«sil)lc either to make 
steels or to ascertain their composition when mode. 

At the time when the author was commencing work, chemical 
analyses were costly, difficult, and doubtless of much lower accuracy 
than those of today. I‘or example, a document received by the 
author's father some fifty years ago, from a certain chemical 
laboratory in Sheffield where analytical work was conducted, stated 
the percentages of hall a dosen elements-—carbon, paphlie, silicon, 
sulphur, phosphorus and manganwc—in a samine of pig iron, 
together with the charge for the analysis—ton guineas I On sucli 
terms, one regarded the analysis of steel with appropriate rcsMCt, 
and It was an expensive luxury to obtain figures upon which alone 
systematic research ce^d be conducted. During the war, the 
author's firm made about 600 separate analyses every day, all 
involving high accuracy. Had these been at the prices of 1S80 
the cost would liave been prohibitive. 

Rise of Metallurgical Chemistry 

It is about 150 years since the study of ?itecl by chemical mctlKKl^> 
began, for one of the earliest records of such a study u* contained 
in a dissertation by Tobcm Bergman, of the University of Up>tala, 
published In 1781. A little later followed the work of the hrciich 
chemist, Berthollcl, who recognised that the differences in ilie 
varieties of iron were determined by the carbon contained therein, 
In 1827 Karsten separated from soft steel a compound of Iron 
and carbon, thus preparing the way for the work of Sir Frederick 
Abel, F.R.S., who isolated the carl)ide compound now recognised 
as of fundamental importance in the metallurgy of steel, 

The author would ?^ly» mention Mr. Edward Riley, who in 1853 
joined the staff of the Dowlais Ironworks as a chemist, and there 
in 1857 helped to carry out the first experiments on an industrial 
sikle with the Bessemer process, which is still of prime importance 
in the steel industry; also Dr. John Percy, F.R.S., who rendered so 
many important services to scientific metallurgy. Then follow the 
worlS-renowned names of Measrs. Thomas. Gilchrist and Snelus, who 
effected a revolution in steel manulacture by the introduction of the 
b^c process. 

Amongst British metalluigical chemists may be mentioned Sir 
W. C, Roberts-Austen, A. H. Huntington, J. E. Stead, and J. 0 . 
Arnold. Much service, too, has been rendered by F. W. Harbord, 
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including that in his w'dl-known book, Tfu Mftalhtrgy of Sud; by 
Henry £oius, Sir Harold Carpenter, W. Rosenhain, E. H. Saniter, 
T. Turner and many others. Of those abroad may be rnentionetl 
R, Akcnnan, S, Arrheniiis, C. Benedicks, E. D, Canmbcll, A. S. 
Cushman, H. Eglcston, G. Fremimnne, i*. Ciolilti, n, M. Howe, 
Zay Jeffries, A, Ledebur, F. F. Lucas, A. Pourcel, H. Moissan. 
Baraduc-MUlicr, A. Sauveur, D, Tschemoff, H. Wedding and 
otlicrs. 

Light Metals and Steel 

The applications of aluminium ami other light metaU and their 
alloys have increased enormously during recent years, spcfcially, <»1 
courw, in the automobile and aircraft u^dustries. VVlicther tlic.se 
materials can make any vc^ serious inroads upon the use of steels 
for structmal purposes, as distinct from their use in new applications 
lor which steel is too heavy, may well be doubted. Certainly such 
special steels as manganese steel, silicon steel, heat-resisting steels, 
high-speed tool steels and other special alloys can never be replaced 
in their valuable applications by any light metal alloys yet known or 
even remotely in prospect. 

At the same time it is interesting to note the opinions of 
Dr, W. J, Hale, Director of Organic Chemical Research in the Dow 
Chemical Company, as express^ in the course of a fascinating book 
entitled Chmtstry Triumphant: Tha Ris* and Rtign cf Chmisiry 
tn « Cfwnical World, one of the excellent Centuty ct Progress " 
series published in America by the Williams and ^^'^kins Company. 
Rcfcrnng to the uses of the light metals, aluminium and magnesium, 
Dr, H^e says ; " The age, therefore, that is now ua we call the 
magfneslum) plus aUuminium) or magtl age. The steel age par 
sxcalicnu comprises that period between 1856 and the preiient or 
about 1920-32. The price of steel at 2 cents per pound still holds 
advantages over aluminium at so cents, but this latter must be 
rated at 7 cents per equalised volume, as aluminium has only one- 
third the specific gravity of steel. The now reduced price of mag¬ 
nesium at 30 cents per pound is at once equalised with aluminium 
at 20 cents, as magnesium has only two-thirds the specific gravity of 
aluminium, Thus, at 7 cents per unit volume of magal, against 2 cen ts 
for steel, and the soon to be instituted lower prices for these lighter 
znetals, there is leas and less chance for the old-fashioned steel to 
withstand the competition. Especially and more drastically will 
this fact be emphasised as we appreciate the value of lighter and 
lighter material in all walks of life, it being understood at all 
times that a sufficiency of strength can be supplied by these light 
alloys for every requisite, 

" The advent of these light allo^ marks the closii^ stage of the 
metallic period of human history, though this introduction already 
is a fact, it is hardly proper to date their ascendancy before 1932. 
Naturally their use overstep steel in tonnage, but yet a few 
years will pass before this complete transition. Just as with the 
earlier ages described above, it must not be thought that any 
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succeeding age eliminates the use of preceding art. All alloys of steel 
will always find specific uses/' 

For the reservation in the concluding sentence of this quotat»jn 
the ferrous metallurgist will doubtless be duly grateful. It is 
indeed certain that, whatever the advances of light metals, ‘ all 
alloys of steel will always find specific uses,'' Moreover, these uses, 
in the author's opinion, will increase in number, amount and 
importance. 

Chemistry and tbs Crisis 

As regards the bearing of chemistry n« world affairs of the 
present day. Dr. Hale says in his book mentioned alM)vc: “ Wc are 
now in the second great world revolution. Tlic ccom^mist «jf the 
future will attribute the cause of this second catacljft^m to the 
increasing replacement on a large scale of much of nature's ontiuit 
by direct chemical adaptattcuis springing from the genius and 
industry of man. On the other hand, a^ptations of agricultural 
resources to fit into the changing chemical world were totally 
neglected; hence the upheaval. The stage was admirably set for 
this chemical revolution even in ipig, with the replacement of 
naturally occurring nitrates by the synthetic product, It needed 
only a spark to set off the world war that came in 1914. The urge 
to produce gained increasing momentum, witli only a slight set- 
bacic during a few years following the war, till in 1929 financial 
credits were broken. As credit had been extended both here and 
in all parts of the svorld, everything that could be marketed was 
rushed to sale at highest prices, no matter what the intrinsic worth. 
The result was destined to be a panic. 

'' Following this great panic came deflation, and the return of pn ces 
of basic products to levds commensurate with true chemical values. 
In opposition to this necessary trend, attempts of late have been 
made to bolster up commodity prices by artificial mcanH, such, 
for example, as the stabilisation schemes for rubber, coffee, sugar 
and wheat. All such attempts of interference with tlic laws of 
supply and demand have and always will come to the same dismal 
end—failure." 

There is much in these words that deserves careful consideration, 
not only as regards the tremendous powers of chemistry, but also 
rega^ng the danger of attempts to establish trade on an artificial 
b^is. 
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IX. EMPLOYMENT AND EQUIPMENT IN 
MODERN STEELWORKS 

Following upon the general outline given in the preceding sections 
concerning the rise of metallurgy, ana of the iron and steel industry 
on a world basis, v-ilh special reference to Shcihcld's share in this 
development, it is not without interest to consider what the progress 
cf the past haU*century or so haa meant in the way of Industrial 
expansion and the provision of employment. The employment in 
question extends, of course, not merely to the men required to 
njwmte tlic slcolwoi'ks plant, hut also to those who build this 
equipment, those who prcKluec the materials and supplies required 
from outside, and tiicse whti use and apply the finislxed product. 
Without Iron and steol, employmeid in most branches of civilis<^ 
activity would practically cca«c. Conversely, Increased activity in 
tire iron and steel industry leads at once to an all-round extension 
of employment. 

Over fifty years ago, when the author was engaged in the discovery 
and Invention of manganese steel, the firm of Hadfields waa a 
comparatively small concern employing only several hundred cm* 
ployees, Now it employs between 5,000 and 6,000 persons in 
normal times of peaee, between 5,«oo and 4.«’0 «ven In the worst 
times of the recent depression, and over is<o«> during the War. 
These figures and those given below arc presented for no personal 
reason, but simply to show what one great modern st«lworks 
alone means to tlie country in the way of mveatment, productive or 
unproductive, according to the slate of trade; and In the way of 
employment, actual or lacking, according to the demand for its 

K oducts, Similar facts and the same conclusions might be pven 
r other steelworks in this city, var^ng only with the siae of the 
works and the nature of their manufactures. 

The total area covered by the Htdfield Works and 
depot is 214 acres, of which 51: acres arc covered by workshops and 
other buildings. The main steel foundry at East Hecla, 1,200 
feet in length and covering 7 acres, is the largest In the world, 
and In marked distinction to the facilities of Huntsman and Faraday 
about 200 and xoo years ago. ^ . 

Stetl MeUing FfanT.—Including open-hearth, electric and other 
steel-melting furnaces of the latest type, the ftmt has a melting 
capacity of some 3,500 tens of steel per week, and is capable of 
turning out pure steel possessing the very low total combined con¬ 
tent of 0 025 per cent, sulphur and phosphorus, or even less. No 
fewer than 62 furnaces sje available for the heat treatment of 
castings and fr^gings, some of these being of large size. 

Forgi an/i RoUing The forging plant, in addition to the 

ordinary type of steam hammers, includes two 1,500-tM hydraulic 
forcing presses and one of t,ooo tons. Three eJertrically-driven 
rolling mills of the latest types are in service. Of these, the largest 
is a reversing 28-in. blooming and finishing mill, which at tunes 
absorbs as much as 11,000 h.p. This mill is capable of rolling 
1,500 tons of special or other steel ingots per week, weighing it 
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tons each, clown to billets as small as 2I in. In addition, there arc 
14 in. and ii in. bar mills for rolling billets to various commercial 
sizes of steel bars, round and square, also for the production of higli 
tensile and ipedal alloy steel products. 

In addition, to serve what may be termed the major metallurgical 
equipment, there is a vast amount of auxiliary equipment, all 
equ^ly necessary to the operation of the complete works, and 
including over 21 miles of standard and if arrow gaugo railways, 
over 750 electric motors ranging from ^ h.p. to 3,200 h.p., 250 
heating furnaces, 2,300 machmo tools, 300 cranes, 50 presses, 
fuUy-equipped chemical, physical and mechanical testing and 
research laboratories, and many departments which liavo nc»t 
even been nxentloned. 

Contemplation of such figures as those, specially in those dilhcult 
times, helps to impress upon us the importance of tho iron and steel 
industry as a national asset and a factor in intonuitional trade. 
Also, it should surely increase our sense of obligation to those many 
worthies of tlie past whose labours have brou^t tho science and 
indftttty of ferrous metallurgy to tlxcir present high level, and to 
Che Immense total output already mentioned in an earlier section 
(Section III). 
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X- NATIONAL DEFENCE 

From Arrow to Shell 

The associations of Sheftield with national defence go back to very 
early days, for tradition says that the victories gained at Cr<cy 
and Agincourt were largely doe to the Sheffield arrowheads, the 
' projectiles " of that day, being too much for the French armour. 
Johnson, tl» antiquary, found a record which stated that Sheffield 
had ftt that time himishcd to the Government no less than 5,000 
arrtiwhciuls, at a price of Jifteen pence per 100. 

Tixoso outside tlxo iron and steel industry cannot realise as clearly 
as do those who are engaged in it, all the skill, cntcrivisc and in vest¬ 
ment ot time, labour and capital that has been provided by manu- 
f.'icturcrs of armaments to meet the evcr-chanpng and increasing 
demands imiiosed upon them, nut only during the latter part of tlio 
last century when wrought iron gave place to compound, steel 
and hard-faced plates, but in eveit greater measure dunng the 
present century, culminating in the supreme efforts demanded 
during the Great War, It is indeed to be hoped tliat the horrors 
of that wrdeal will never be repeated ; and while express that 
hope in all sincerity, we may surely spare a moment 
upon the truly vital services then rendered to the Emigre by Sheffield 
and upon the no lc« vital importance of finding adequate peaceful 
employment for the men, machines and furnaces no longer engaged 
in national defence, 

Readiness to Serve 

In times of peace it is only ttn. easily forgotten wliat large qi^- 
titles of costly machinery and other equipment have to be kept in 
this city, ready for full use in the manufacture of armaments, even 
though they may not be actually emplwd to the extent of 
than so per cent, of tholr capacity, TTiis represents Sbefneld s 
permanent and continuing contribution to national defence. It is 
one which the city is willing and proud to bear, but there 1$ no 
denying tliat the burden is heavy in these days of severe taxation 
and above all, restriction in other fields of manufacture. No one 
would wish either that war should come again or tliat there should 
be extravagant expenditure on armaments merely to keep existing 
equipment in use. On the other hand, it must be recognised tlwt 
the steel industry of this city cannot continue indefinitely to give 
of its best in the cause of national defence entirely from its ovm 
resources. The nation might very reasonably give some tangiWe 
assistance during periods of peace—the longer the better-^o the 
men and the works that are expected m the hour of need to be 
ready with the latest guns, projectiles and armour plate. 

As some indication of the standard of production now attained, 
showing that Sheffield’s skill has not abated, it may be mentioned 
that the Hadfield aitnour-piercing projectQes of the larger caUbr« 
and of the latest improved type are capable of penetrating ^el- 
faced armour of the latest and best quality over one foot m thick¬ 
ness at an angle of 30 degrees and a velocity equivalent to a range 

67 


riGltRB VII 






& 


6 S 


N 

( 

> 






of 15,000 yards. Moreover, the projectiles remain unbroken after 
penetrating such armour in about one tsvo-lnindredth 0/ a second ! 

War Work 

Tlie part played by Sheffield during the years I9i4“ipi8 was one 
of which the City may justly be proud. At the same time it is a 
measure «»f the resixjnsibjlity wluch rests upon us to be ready for 
an equal or even greater eftort shinild it over be re()uired. The 
ttital output shell from the Sheffield National Factcffles alone, c*f 
which Mcssis. Hadficlds and Messrs. Thomas Firth and Sons each 
rail one fiir t)ic l>cncrtt of the natiim, atncmntctl Uj many in I Hums 
«*f shell, C^niccming the figures for other firms the author is unabU* 
to s|K*ak, Imt his own firm employed some 15.000 persons during 
the war nnd did work to the vnluc of about jf36.000,000. Besides 
SI/me 3?, million projectiles, including annour-picrcing shell, 
chiefly oharge calibres, nin., 13-5 in., 14 in,. 15 In. and 18 in., there 
were sxipplied guns, howitzers, trench mortars, conning towers and 
many tjther products, among whicli special mention imist be made 
of some 7,0W) tons of improved manganese steel, this being In the 
form r^f nearly 4 million helmets, which undoubtedly saved the lives 
{»f tens tlu)usan^ of men. 

Full credit must be given to our workpeople for the magnificent 
manner in which they worked during tliat trying period. Much 
of the work performed wm of the heaviest possible character; lor 
example the making of high explosive shell up to is In. and armour- 
piercing projectiles up to 18 in. calibre; in fact, the whole of 
this latter efasa of projectile was made in Shcifield. At the other 
extreme there was a vast amount of delicate work to be done with 
the highest precision ; for instance, 179,730 analyses were made in 
the Hadficld lalwratories during the war 1918 alone. Then, too, 
housing schemes were also carried out by the Sheffield Corporation, 
nearly 1,300 houses and cottages being built, in addition to hostels 
and ciflcn iei for over 2,000 workers, 

In another direction the manufacturers of Sheffield renders 
Invaluable service by throwing open their works for training thous¬ 
ands of persjns, including the fimresentativcs of other firms, giving 
away their inmost secrets to help the Empire in its hour of need. 
Though this service was given gladly, it should not be for^tlen 
that it represented a very real sacrmcc to the common weal. In 
the case of the author’s firm alone, tuition in the manufacture of 
high explosive shell wa.s given to fifty-eight firms, many of them 
competitors in times of peace, and six projectile manufacturers. 
In addition, thirteen Corporation Munitions Committees and thir¬ 
teen National Projectile Factories received tuition at Hadftelds 
in the manufacture of high explosive shell, and information on this 
subject was given to seven Government Departments. Five home 
and foreign firms received instroction in the making of cast blanks 
lor high explosive shell, and four in the making of sound ingots. 
Seven foreign firms received other instruction or information, and 
the number of special visitors to the works coming to obtain 
information ran into thousands. 

Co 



Sheffield and Imperial Defence 

The lesson to be drawn from this brief record is surely Ihc import* 
ance of our city in Imperial defence, over and above its normal 
ccmtribulion to national prosperity. Now, as truly as ever in the 
MAt, the best guarantee of peace is to be prepared for war. The 
history of naval architecture* from the Victory of 1805 to the Rodnty 
and i^cison of today, shows that effective measures have been 
taken to meet every invention for the destniction of the capital 
sinu, and there is n<r reason to doubt that equally successful mciisnrcs 
will 1 « devised to meet future menaces. Aerial warfare iiitrtdxices 
new methods and new problems, but it will be many years before 
the battleship becomes obsolete. The policy of defence by air is 
hnandaJly attract I ve, but i t caimoC replace sea power. Our splendi d 
Air Force is essential, but its function is to support and not to 
supplant our Navy. 

In putting forward these views, the author has not forgotten tlic wL-c 
words of Admiral Sir Ernie Chatffeid, who, speaking at tlie Cutlers’ 
Feast in 1925, said that: " It would be a bad day for Che Empire 
if the plant and skilled men who designed it, who brought it mto 
existence, and wIki used it. were allowed to decay. History showed 
that the fall of nations had bean hastened by the neglect after great 
wars of the weapons that brought victory. It was not surprising, 
therefore, that tViosc should ariU now who proposed similar steps. 
They had bean told that it had suddenly been discovered that 
nations wore using dying weapons, and that battleships were of no 
use. The type of ship that now existed—cruisers, submarlnw, 
dcstroy«rs*^ight alter or completely vanish : hut there was one 
type that would always remain—the capital ship.” 

Nead for Empire Development 

Gmtemplating the figures in the preceding pages, which 
naturally relate to only a part, though an important one, of the 
contribution made by Sheffield to the cause of the Allies, it 'm )>ossible 
to form some idea of the vast potential capabilities of this city in 
the way of peaceful production. The utilisation of these capa¬ 
bilities, over end above the normal vest output of the city’s peaceful 
products, will become of greater urgency in proportion as we are 
able to replace the TOssibility of future wars by the certainty of 
established peace. The d&y hu not yet arrived when we can 
safely beat all our swords into ploughshares, but this county has 
already given the rest of the world a great lead in the direction of 
reducing armaments. Partly owing to this, and partly owing to 
the difficulties of international trading during recent years, ^ere 
is much equipment and there are mtny thousands of men not fully 
employed in Sheffield. These men and this equipment could be 
restored rapidly to useful production if only the vast resources 
and Opportunities of our Empire were developed more effectively. 

This is a matter which cannot be dealt vvith at length in this 
address, but no apology need be offered for mentioning it, because, 
apa^ from its general bearing on every phase of national prosperity, 
it wiQ undoubtedly affect the future of metalloxgical work in Sheffield 
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—favomably if Empire resources are developed folly under a 
correlated s^me, but unfavourably if they are neglected. 

Proposed Empire Development Board 

'fhe author's suggestions for an Empre Development Board 
to deal with the whole question, on lines suited to the individual 
needs of each part of the Empire, have been developed as the out¬ 
come of repeated discussions with many distinguished leaders 
from the I>iminions and Colonies, and the proposals advanced 
have secured a gratifying mea.snre of appnA*al. which )ustilies 
a most optimistic esticnate of the magnitude of the oppentunities 
awaiting all Forties concerned—the o\*cmea members of the Empire 
no lca< than ourselves. 

Broadly, the plan is based on the creatkm of an Empire Develop¬ 
ment Board consisting of representatives of industry and commerce 
frc4n all parts of thel^pirc. Apart from improving the existing 
facilities for trade and transport, and helping on any special under¬ 
takings alrea^ in hand, the Board would devote its major attention 
to the work ofexpansCcm by assisting the development of new roads, 
railways, canals, tramways, harbours, docks, dams, the construction 
of hyaro-electric power plant, the foundation of new industries, 
the opening up of new districts to sgriculture, the control of forestry 
and, in fa^. the furtherance of every development which svould 
add permanent wealth to the British j^ples. 

There is, in these directions, work and to spare for all our capital 
and labour, and, moreover, thb work would be productive in 
the highest sense of the word. The area of the Bntish Empire, 
includmg mandated territories, is now considerably over 14 million 
square miles and it inclodes many areas offering exceptional oppor¬ 
tunities for development. 

Unfortunately, there is still a tendency to consider the matter 
only in the light of fiscal policy, or as re^rds wheat, cotton, wool 
or some oth^ staple product. Any sw restriction is, in the 
author's opinion, not only unnecessary but aUo foredoomed to 
failure. Empire as a wtiole indulges practically all climates 
and conditions, ahnost every need and resource, and nothing less 
than a whole-time Board consisting of r e pr esen tatives from all 
parts of the Empire can nm to best uvastage what is, or ought to 
be. one vast business concern. 

To be successful, an Empire Development Board must not 
attempt to usurp any of the fonctioos of the home or overeeas 
governments, and it must be entirely non-poUtical in its con¬ 
stitution. Granted these emditioos. and working solely for the 
development of the Empire as a whole for the b^efit of all. the 
Board would enable the Empire to rise to the heights of prosperity 
without injury to those of other nations simply by the creation 
of new wealth from assets r^ch are at present improdiictive. That, 
surely, is the rational line of development. 
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XI METALLURGICAL EDUCATION 

Intireasing Importance of Education 

It is not always fully realised that the im^rtariea of 
increases vear bv vear, with every advance m knowledge. Addi^s- 
Sr^stXiU of Sheffield Uidversity CoQege some thirtyfour 

author said: - A man must to<ky <>ominencc 
^th iSre accumulated definite information than fre«<st mn 
of a century-nay, half a century-ago po^d at the end of his 
career. " The si^ficance of those words has smee increased 
must continue to Increase as long as science and 
Students taking a metallurgical coi^e today must ‘ 

was unknown to all of us thirty or forty years ago, and the pr«^h ern 
of the educationbt is how to instil an cvet-mcroMing volume 
of dearly won facts and principles into the minds 
younger generation within a reasonable |>enod of tune ^d wt h out 
powers of originality fn thoua^it and enterprise 

'“^rneed has been, and stiU is, to combine lustration with 
inspiration, and to help the younger men “‘J 

past pitfalls without causing them to adhere to the be^ 
overlook the innumerable ways to future pr^3g«ss ^ diffi^lt 
task has been tackled from the first, in Sheffield, by metoo^ 
admirably suited to the needs of this city. It is impossifc^ to 
estimate how much the metallurgical and other mdustpes of the 
district are already indebted to the pioneering efforts of such men 
as Hicks, Sorby, Greenwood, Ripper, Arnold, ^d many others 
mentioned later in this section, Also. m the words of Dr, H. A. L. 
Fisher, speaking at the D^ee Ccngreeafion on July 3 rd, 1913, 
under thT^idency of the Duke otyo:io\^tn Cl^Uor. 
‘^The UnivS^ty does not exist only for the henefit of Sheffield. 
it is Sheffield's gift to the world. Diswvenes made m the labora¬ 
tories of the University have exercised and wiE continue to exerase 
a sensible influence in every quarter of the globe. Nor. of coui^, 
is the field of the University's influence broad only in the geo¬ 
graphical sense. It extends aU over the wc^ld, and benefits ewry 
cla£ of society. The industrial worker is, indeed, one of the first 
to benefit by greater empbyment and impoved con^Uons from 
each fresh discovery in the realms of sdence. 

No course of training can turn out as a finished product a thor¬ 
oughly efficient engineer, metallu^st or chemist. On the other 
h^d. in these days, it is impossibb for any ^ 
efficient engineer, metallurgist or chemist capable of deatag with 
oresentHiay problems, much less advanai^ the boundanes ot 
knowl^e, without a course of suiuble Iramu^ It is the wotk of 
educational institutions such as our University to provi^ such 
training, indudii^ not merely tuition m established facts but also 
the encouragement of original thought and research. From every 
standpoint, whether as regards training in theory and practice 
or the provision of faculties for research, the work accomplished 
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in Che City oi Sheffield is surpassed by no otlier metdlurgfcal 
centre." 

Pioneer Work in Sheffield 

Sheffield can justly claim to have taken a leading part in the 
development of technical education in this country, specially in the 
held of metallurgy. Also, our citizens can pride thentselves that 
not only were they very early in the ftcld but their first efforts 
were entirely voluntary. The successive stages of development, 
from the foundation of the Firth College in 1879, and the Tcclinical 
School in i8d6, down to the opening of the University in 1905, 
are traced in the following paragraphs where, also, tribute Is paidti» 
those who have done so much to maintain the city's educational 
pre-eminence. 

The Firth College and the Technical School 

It was in the 'seventies of the last century that the movement 
towards comprehensive scientific and technical training in Sheffield 
was commenced by the foundation of the Firth College. This 
excellent institution owed its birth to the beneficence and fore¬ 
sight of Mr. Mark Firth, and was opened by Prince Leopold on 
October 20th, 1S79. Dr. H. C. Sorby, whose great work in 
metallography is mentioned in Section VII, assisted actively in the 
foundation of the College and was President of the Council and 
Chairman of the Executive Committee from i 853 until 1897, when 
Firth College became part of University College. 

Aided by the liberality of a few noble-hearted citizens, specially 
by the enthusiasm and generosity of Sir Frederick Mappin, Sheffield 
took steps in i 8 $ 3 —tlut is, six years before the Technical In- 
stnictioii Act of i^^to establish a Technical School. The first 
meeting of the Committee to consider thU scheme was held on 
December J3th, 1883, Alderman W*. H. Brittain, then Mayor, 
presiding, and the School itself was opened by Sir F, Bramwell 
on February 3rd, 2886, in the old Ro3*al Grammar School 
buildings. 

Amongst those who supported this good work by monetary 
assistance and an ungrudgir^ measure of time and effort, were 
Sir Frederick Mappin, Sir Henry Stephenson, Dr, Sorby. the Duke 
of Norfolk, the Rev, S. Eamshaw, a former Senior Wrangler, 
Messrs. Cammell, Brown, Firth and many others: also the City 
Guilds of London and the Drapers' Company. The Technici 
School immediately embarked upon a career of ^fulness in which 
it was ^eatly a.^isted by the generous financial help continually 
received* from the City Counal. That this money had been a 
sound investment, well spent and usefully applied^ goes without 
saying. 

Professor W. H. Greenwood was the first Professor of Metallurgy 
at the Technical School, and there are many in Sheffield and further 
afield who remember with gratitude the instruction received from 
him in those early days. Great assistance In the devebpment of the 
training of metaQurgists was also rendered by Professor W. Ripper, 
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happily still with us. Professor Ripper was not a metallurgist 
himself, but he had on his staff Mr. J. 0 . -Arnold, who, later as 
Professor of Metallurgy, rendered such valuable services in connection 
with his co-ordinated studies of iron and steel comprising composi¬ 
tion, melting, forging, rolling and heat treatment, mechanical and 
many other physical tests. 

The University College 

Since the period 1879 to i 88 ( 5 , there lias been in Sljeffiolcl a ron- 
tinually increasing provision for higlier education of all kind?., Pirst 
there ww the Firth College teaching science, literature, chu^lc.^; and 
art, then came the Technical School, giving iastmetion of an im- 
m^iafdy practical kind. These two admirable institutions and the 
Medical School merged into the University College in iS 07 < " Inch in 
turn was chartered as the University in 1905, with Dr. W. M. Hicks, 
P.R.S.. as its first Vice-Chancellor, a fitting crown to his a.ssociatum 
with the Firth Coll^ and University toUege as Principal and 
Profc.ssor of Physics during a term of twenty-two years, from 1883 
to 1905, for his active assistance in the founding of the Uni¬ 
versity. Preferring the Professorship of Physics to the post of Vice- 
Chancellor, Dr. Hicks resigned the latter position jiAerwards in 
favour of Sir Charles Eliot, and continued to guide the deatinies of 
the piiysics Department until his retirement in 1917. 

On November aist, 1809, nearly 34 years ^o, it was the author’s 
privilege, as Master Cutler, to d^tribute prizes to .«itudents of the 
Sheffield Univerrity College, and in the course of his address he made 
a special plea for practical education. That plea was endorsed by 
many of those present, including Professors Ripper, Arnold ajid 
Hicks, and there can be no doubt that the excellent results pro¬ 
duced by metallurgical instruction in the University 0 )llegc and. 
later, the University have been, and still are, due to the fact that 
the training is pre-eminently practical. Much instructicjn in 
theory is, of course, essential, but it is and should always be directed 
towards practical cn^, for the ultimate aim of the metaliurgist is 
to make improved materials that will give better service under 
conitbns increasing in variety and severity year by year. 

In the list of prieemen on the occasion mentioned there appearetl 
the names of at least two men who have since become prominent 
She^Id metallurgists actively engaged in splendid sdentitic and 
practical work, viz., Mr. W. J. Dawson and Dr. W. H. Hatfield. 
The prize banded to Mr. Dawson was a special award for geology: 
that to Dr. Hatfield was for practical metallurgy (first year 
course). 

Mr. Dawson, who later took the Assoclateship in Metallurgy at the 
University, is now the author's colleague on the Board of Directors 
of H^fiel^, Ltd., and takes a prominent part in its councils. 

As regards Dr. W. H. Hatfield, his many activities in the cau.«ie 
of metallurgical science and progress are well known, and we rejoice 
that be has this year been awarded the Bessemer Cold Medal by the 
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Council of our Institute. Dr. Hatfield, it is interestinf to recaD, 
was the first President of the Sheffield Metallurgical Association, 
an important Society with a membmhTp at the present lime of 
some 137. 

The accompanying Plate No. JS, representing the Third Year 
D?l«s in Metallurgy at about the period now referred to, will, it is 
believed, bring to many at the present time, who in their younger 
days passed through the Metallurgy course at the Tcclmical School, 
pleasant rccollcctiomi of their hapjjy relations with the staff. In the 
photograph, with Pn>fc»wjrs Arnold and MacWilllam and Mr. K. 
Anowlcs, will reaclitv be rcciignised among the stuelents several 
wilt) have since t>ccupio«l prominent ixwitions. including, among 
others. Dr. Percy Ixmgmuir, Mr. W. J. Daw.soix and Mr. S. Ml 
Schindler. 

The University of Sheffield 

During the closing decade of last century there was a rapid growth 
of interest in technical education in Sheffield, as indeed in other 
centres, and in the course of the above-mentioned address to the 
students of the University College on November 21st, 1899, the 
author referred to the fact that further progress was being crippled, 
not by want of interest, but by lack of adequate accommodation and 
means. The author urged the need for a new university worthy 
of the fame and future of the dty, and cxpres.scd his confidence 
that such an establishment would be an excellent investment from 
all points of view, and that every support should be given to 
Sir Frederick Mappui, Sir Henry Stephenson, Sir George Franklin, 
Sir William Clegg, Dr. Hicks, Professor Arnold, Profeawr Ripper 
and others, who were in the forefront of this great movement 
on behalf of the city's educational advance. Tlxat our optimism 
was finally justified goes without saying. The University of Shef- 
field was opened by King Edward Vll in 1905, and has since gone 
from strei4:th to strong, acquiring a world-wide reputation of 
which we may justly be proud. 

No fewer than fourteen new Chairs under professors have been 
established since 1905, the number of other members of the staff 
increasing from 61 to 216. In 1905 the amount of scholarship 
money was about ^7,000; now it exceeds ;^ioo,ooo, maiuly owing 
to local bene^ctors, including Sorby, Allen, Styring, Hunter and 
others. 

One of the chief features of Sheffield University is its Applied 
Science Department, housed in the building in St. George's Square 
and adjoining sites, and as a further indication of the progress that 
has been made it is interesting to compare the numbers 01 students 
in the Applied Science Department of the University during the 
session 1932-33, the "peak” year 1919-20 with those of 
earlier da3's. Thanks to the kind assistance oi the Registrar, 
Mr. W. M. Gibbons. M.A., the following interesting table has been 
prepared sliowing the nature and extent of present-day tuition in 
the Applied Science Department. 
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SHEFFIELD UNIVERSITY APPLIED SCIENCE 
DEPARTMENT 

NUMBER OF STUDENTS 




" Pe ak ” 


Session 

Year 

1932-1933 

19x9-1920 

Day— 



Faculty of Engineering. 

166 

334 

„ .. Metallurgy. 

59 

134 

Total. 

225 

468 

Evening— 



Mechanical. Electrical andGvil Engineer* 



ing . 

434 


Met^nrgy .. 

190 


Building. 

9 ' 


0:cy-Acet^ene and Electric Welding .. 

145 


Fuel Technology. 

Special Courses for Adult Workers eo- 
ga^ in the Cutlery. Fik. Tool Spring. 
RoU^ and For^g Trades .. 

Spei^ Advanced Courses of Lectures on 

25 


413 


Metallurgy . 

Special Advanced Courses of Lectures on 

41 


Engmeering . 

• 44 


Miscellaneous . 

21 


Total. 

1*404 

2,062 

Saturday Afternoon Courses in Glass 



Techriology . 

21 


Grand Totals .. 

1.650 

2 . 53 ® 


These figures compere in a remarkable and gratifying: maziner with 
the roll call of 99 m the Technical School for the session i$86-S7- 
Also, the7 show a remarkable advance on the evening class figures 
for the Technical Department of the Univemity Cou^ in 1899. 
the closing year of last centoiy. s^ien the fignm were: ^igineering 
Students, 244; iron and steel. 103; building. 172; electrical 
engineering, 87; mining. 86; misoellaneous. X 92 ; total. 8x^ 
Direct comparison between these figures and those for 1932-33 is 
iicpo^ble owing to tbe rearrangement of classes and the many new 
courses introduced to meet the ever^creaaing reqolrements. It 
must be remembered, too, that the figures for the Applied Sdmee 
Department today represent only a fraction of the University's 
activities, the total ninnber of stwfonts being very much greater 
and the courses of instmetion overing all branches of knowledge. 

In 1927 the Facolty of Ap^ied Sciewc was divided into the 
Faculty of Metallurgy under Professor Arnold, and the Faculty 
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of Engineering under Professor Ripper, thus providing a further 
instance of the rapid growth and increasing importance that have 
characterised all the University’s activities. 

Special reference should also be made to the part taken by the 
University in adult education in connection with the Workers' 
Educational Association. Classes are held during the winter in 
many outlying mining and industrial districts, these being attended 
by seme 700 or more students, each pledged to a three years' 
course of organised study. 

Metallurgy and Foundry Degrees 

With the establishment of Metallurgy as an independent Faculty, 
the Univer^ty of Sheffield granted degrees in this branch of science, 
namely. Bachelor, Master and Doctor of Metallur|y. One of the 
author's colleagues on the board of directors of Ha^elds, Ltd., the 
late Mr. I. B. Milne, was the first to receive one of these degrees, 
and the author himself felt greatly honoured when, in 1911, he 
received the degree of Doctor of Metallurgy. Literally, thousands 
of students, not onlyin our own city, but from all parts of the world, 
have been trained in scientific metaUurgy under this Faculty of 
Metallurgy. 

We in Sheffield claim to have been the first to recognise the proper 
position of metaUurgy in establishing this new fa^ty. No one 
doubts the wonderful work done by the Eloyal School of Mines in 
London, the Freiburg School of Mines under the late Dr. Ledebur, 
and other famous centres, but it was Sheffield who first stamped 
metallurgy as a branch of science distinct and sn>arate, although 
metallurgists gladly recognise that the full realiUtion of their 
work d^ends upon co-operation with the chemist, physicist, 
metalJcgrapbist and engineers of di£erent branches. 

In keeping with its progressive spirit, and in recognition of the 
ever-increasing importance of scientific methods in all branches of 
industry, the University of Sheffield has taken into favourable 
coDsid^ation the important suggestion put forward by our Professor 
of Metallurgy, Dr, J. H. Andrew, with lepjid to the estabiishmeot 
of a Founding Course in the Faculty of Metallurgy, with degrees in 
foundry science for those who qualify. It is hq>ed that before 
long Professor Andrew's ambition will be realised. A successful 
student would be known as a Bachelor, Masteror Doctor inMetallurgy, 
the word " Pounding" being inserted in brackets after the degree. 

Founders of Technical Education in Sheffield 
Having given in the preceding pages a chronological outline of the 
rise and development of techni^, specially metallurgical, educa* 
tioc in She ffi eld, some of those who have laboured in this cause may 
now be mentioned with a brief indication of the part they have 
play^. As already mentioned, Mr. Mark Firth was spedaliy 
assodated with the foundation of Firth Ojllege, and Sir Frederick 
Mappin with that of the Technical School. Their work was sup¬ 
ported and continued by the labours of many able and enthusiastic 
helpers, amongst them the late Duke of Norfolk, Sir Henry 
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Stephenson» Earnshew, S oiby , Arnold. Firth, Osborn, Frankhn, 
Hughes, Hobson, EUis. Robeits, and many others as tiine went on. 
There was also the invaluable assistance ol CMporate bodies, iS' 
eluding the City Council o( Sheffield, the Qty Guilds of London, and 
the Drapers' Company- 

AiDongst those most active in the formation and development of 
the University were ^ Henry Stephenson, Chairman of the Uni¬ 
versity Council, followed by Sir Geor^ Franklin, ^o was Chairman 
in its first most diflkult years; Sir Fredcridt Mappin, who re- 
maiiicd Qtairman of the Technical Departn^t and was succeeded 
by Mr Joseji Jouas, Sir William Cl^, Sir Geewge Franklin, Sir 
Albert Ht»bsoa, Dr, Douglas Vkkms, Alderman Geo^ Senior and 
others. The City Conadl continoed to contribute handsomely to 
the Technical Department, and resolved to give permaiJOTtly a 
penny rate yearly to the Universty. Amongst the many gifts and 
bequests "by which great work of the University has been 
assisted spedal mention may be made of the Drapers’ Company 
donatiem of ^15,000 towards the cost of the Applied Science build¬ 
ings ; the Edgar Allen Ubraiv, opened in 1909 by His Majesty King 
Gwrge V, then Prince of Wales; and the £10,000 bequeathed by 

Dr Sorby to endow a Chair of GeoJogy,£6joo to purchase property 

adjomijig the University ate. and £15,000 left to the Royal ^ety 
to establish a Fellowship for reseaiidies to be conducted in the 
University of Sheffield. The Sotbv Research Fellows have been 
Prof J- F. Thorpe, F.R.S. (1909-14). Mr. B. Lightfoot (19x4-20), 
Dr. F. C Ihompson (1920-21). Dr. K. K. Adam (1921-29). and 
Dr. W- H, George (1929 to date). 

It is also spedal^ gratifying to be able to acknowledge the great 
help rendered to educatkmal progress in this dty by Labour repre¬ 
sentatives Such men as the late Aldennaa Stuart Uttley, and 
Alderman W- F- Wardley. one of our Labour Lord Mayors, have 
rendered double service by not <Mfy assting the development of edu¬ 
cation al facilitim, but also encouraging their use by those for 
whom they are intended. 

The Chancellars, Pro-Chancellore and Vke-Chancellors who have 
done so much for the University ance its foundation are as follows. 


Chancellors Duke of Norfolk 1905-1917 

Marque of Crewe 1917 

Pro-Chanceuobs sir Frederick Thorpe Mappn I 9 '> 5 " ^ 9 *^ 

Sir George Franklin 1905-1916 

Sir A. J. Hobson 1916-1923 

Sb William Clegg 

Colonel H. K. Stej^Mnson 19^0 

Mr. Walter Newten Drew 1952 

Vice-Chakcellors Dr- W. M. Hicks 1905 

Sir Charl« Eliot i 90 S-i 9 i« 

Dr. H. A. L. Fisher 1912-1916 

Profeaor W. Ripper 1917-1919 

Sir W. H. Hadow 1919-1930 

Dr- A. W. Pidcard-Cambridge 1930 
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We are specially fortunate in now having as Vice*Chancenor Dr. 
A. W, Pictard*CaTnbridgc, M.A., who is admirably fitted to preside 
over the affairs of the University in these dJl^cult times, and we all 
wish him every success in his impK)rtant task. 

In the development of Sheffield's educational life there should be 
most certaioly mentioned the guiding and helping hand of those 
representing the Sheffield Press, who have sped^ly appreciated 
the value of technological training suitably adapted for our city’s 
requirements and assbted in tlio good work. To these our warmest 
thanks are due. Whilst, alas, some of them have passed away, we 
can never forget the assistance rendered by such men as Sir William 
Leng, Mr. C, Leng and his successors, Sir Charles Clifford, Mr. J. I). 
Leader and his family, Mr. Oakley, Mr. Derry, Mr. Chisholm and 
others. 

As regards the actual carrying into effect of the educational work 
made possible by those mentioned above, the University has indeed 
been fortunate in its Professors, Amongst those who were associ¬ 
ated with the Technical School, first in its original form, then as 
the Technical Department of the University College, and finally as 
the Applied Science Department of the University, special mention 
must be made of Professors Hicks, Greenwood, Arnold and Ripper. 
Reference has already been made to the long association of Professor 
W, M, Hicks with Firth College, University College, and the Uni¬ 
versity itself. He proved himself a most loyal worker and a splen¬ 
didly unselfish man. Professor Greenwood was the first Principal 
of the Technical School and occupied his post until the year 1889, 
when he went to Birmingham and took a leading position in the 
Birmii^am Small Arms Company, He was foUowed on the 
metallurgical side by Professor J. 0 , Arnold, whose association with 
the School, and subsequently the University, extended over a period 
of thirty years, that is, from 1S89 to 1919, the year of his retirement. 
During that time he made, as all the world knows, most valuabJe 
contributions to metallurgical science. Then came Dr. C. H. 
Deach, who did much to keep Sheffield in the forefront as a centre of 
metallurgical training, and he, in turn, was succeeded in 193a by 
Dr. J. H. Andrew, who is continuing the great work in a most able 
manner. 

The engineering side, over which Professor F, C. Lea now presides 
so ably, grew up under the care of our much respected citisen, 
Professor W. Ripper, who discharged his duties with great en¬ 
thusiasm and success daring the period 1889-1923, that is, for 
thirty-four years. Formerly Principal of the Technical School, he 
became Dean of the Faculty of Applied Science and Professor of 
Engmeenug in the University, and his services include two years 
as Vice-ChanceUor (1917-19) after Dr. H, A. L, Fisher left the 
University to become President of the Board of Education. 

There ^uld also be mentioned the following names of those who 
assist in the work of the Apdied Science Department under the 
Committee, whose present Chairman is Mr. Joseph Ward, fn 
Geology, Professor W. G. Feaxnsides, Dean of the Faculty of Pure 


Science: Mining Engineering, Professor E. C. 1 *. Statham: 
Chemistry, F^fessor G. M. BMihett; Physics, Professor S. R. 
Milner ; Mathematics, Professor P. J. Daniell; Glass Technology, 
Professor W. E. S. Tumor; MetaJlur^, Senior Lecturers Dr. F. 
Ibbotson and Mr. F. K. Knowles; Fuel Technology, Professor R. V. 
Wheeler, and Mr. W. J. Rees, Lecturer in Refractories; Civil 
Engineering, Professor J. Husband; Economics, Professor D. Knoop; 
and Dt. T. F. Wall, Lecturer in Electrical Engineering. This list 
of names would not be complete without reference to the able help 
rendered in past years by the author's old friends, the late Professor 
L. T, O'Shea an<f Professor A. MacWilliam. 

Laboratory Facilities 

The laboratory equipment of the University is suited to research 
work of the higlicst order, and a vast amount of such work has 
been and is still being earned out in a manner worthy of the high 
traditions of the dty. In the field of metallography our equipment 
and our investigations are of the high standard demanded by the 
work of Sorby and Arnold. Full provision for the testing of 
materials is to be foimd in the Jonas Laboratory, shared by the 
Engineering and Metallurgical Facilities. The Edgar Allen 
Laboratory is arranged wcially for research concerning the mag¬ 
netic properties of steels, and there are adequate facilities for 
studying refractories and fuels. The new engineering and metal¬ 
lurgical laboratories opened by the author on July and, 1926, on 
the occasion of the twenty-first anniversary of the University, 
provide all that is needed for the application of physical methods 
to metallurgical research. The importance of such work is at least 
aa great as that of chemical examination. 

A parchment scroll sent to the University of Sheffield by the 
Royal Institution on the occasion of the opening of these new 
laboratories expresses cordial greetings and contains the following 
words, which are unusually interesting in view of the reference to 
Faraday and his work on alloys of steel, specially bearing in mind 
that some of his aUoys were made here in Sheffield, first experi¬ 
mentally and later on a commercial scale: " Remembering the 
early researches in the laboratories of the Royal Institution of 
Great Britain by Sir Humphry Davy on the combination of the 
metals and bis successful decomposition of the alkalies, and of 
Michael Faraday on the alloys of steel, the Royal Institution takes 
a special pleasure in congratulating the University of Sheffield on 
this auspicious occasion. The epoch-making discoveries in all 
branches of metallurgy which have been made in the laboratories 
of the University of Sheffield, abundantly testify to the fact that 
the University has taken fuH advantage of its unique environment 
as the centre of the Steel and MetalluxiicaJ Industries. The Royal 
Institution expresses the hope that theXlniversity of Sheffield may 
continue to flourish and prosper in the future as in the past.” 

The eouipment of the various laboratories covers the needs of 
ad^'anced research, and includes a high frequency induction furnace 
for melting iron and steel in vacuo when required, also a high 
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frequency furnace for producmg: very high temperatures in exhausted 
vessels supplied with current from a large thermionic valve. There 
are also large micrograpblc outfits asd high power microscopes 
for the examination of surface details. A high temperature therroo- 
stat and dilatometer are used in investigating the physical properties 
of metals, and a special apparatus devised in the Depa^enl makes 
use of thermionic valves to investigate the deformation of metaJa 
beyond the elastic range- There is apparatus for determining the 
^ects of strain on magnetism ; and complete equipment for the 
spectrographic examination of metals by X-rays and otherwise; 
also apparatus for investigating fully the behaviour and propcrtic.'i 
of metals at high temperatures. The whole of this and other 
apparatus is kept in first-class condition and it is modified and added 
to as required by the progress of science. 

Bolter evidence of the value of the work being done by the Applied 
Science Department of the University could not be afiorded than 
the benefactions which continue to be made by industry for the 
purpose of extending its scope and equipment. 

In July, a^boratory lor the cold working of steel and 
other f^ous metals was opened by Dr E. A. Ebblewhite, of the 
Worshipful Company of Ironmongers, who thereby inaugurated a 
Department, which, it is hoped, make a great and important 
addition to the research work of the University in its bearing upon 
one of the most vital of our local industries. The Cutlers' Company, 
feebng that a great need for research in the practice of cold working 
existed, took the matter in hand and rendered most valuable 
assistance. 

The opening of this Department has been rendered possible by 
the pubuc spirit and mui^ceoce of the Worshipful C^pany of 
Ironmongers, who generously offered a grant of ;{$oo per year for 
seven years to be devoted to the encouragement of study and 
research in the cold working of steel and cognate subjects. This 
grant is expended on one Research Fellowship and two Research 
Scholarships. 

An appeal was made to the industries concerned for assistance in 
procuring the necessary equipment, and thanks to the generous 
support from those concerned a cold rolling miU and wire drawing 
blot^ and other equipment have been installed. 

The Department is controlled by a Committee representing the 
Worshipful Company of Itonmongets, the Coropany of Cutlers, 
of Hallamshire, the University and the industry, fhi more detailed 
control of the research is delegated to a Technical Advisory Sub* 
Committee conaUting of certain members of the Main Committee 
and leading members of the industry, presided over by Mr. Percy W. 
Lee, J.P., to whom the University is under a special debt for the 
eminent service he rendered when the Department was founded. 
It was Mr, Lee, who, as Master Cutler, represented to the Worshipful 
Company of Ironmongers the need for research in cold working and 
he made a successful appeal to the industries for the equipment of 
the X>epartment. 
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Since the Department's inauguration research has been earned 
out on lines laid down by the Committee. Some of these have 
developed into original researc)! of a highly technical nature and 
dealing with , fundamental problems. Great pains have been talcen 
to identify the Department with the industry. This object wa.s 
deemed to be most important as the University welcomes calls 
for assistance and seeks to convince manufacturers that all their 
problems wiU be treated with prfjper attention and in strict con¬ 
fidence. Tliat the University k gnduaJIy being successful in this 
direction is evident in tliat several firms miw write regularly to the 
Department, sending defective wires and asking the University to 
ascertain the cause of failure and to suggest the correct procedure to 
remedy the fault. 

Reports on the wnrk carried out in this Department to December, 
1932, have been published ajici may l>c obtained from the Registrar. 

The new building for the Department of Mining was opened on 
June r4lh, 1932, Dr. W, Benton Jones, Chairman of the 
Vorkshiie Coal Trade Association, The opening was attended by 
representatives of the coal industry Government Departments, 
I^caJ Authorities and Scientific and Yechnical Sodeties, who made 
a tour of the laboratories and lecture rooms after the ceremony 
had been performed. Tliis substantial and important addition to 
University buildings was made possible by the liberal grants of the 
Miners’ welfare C^mittee and the generosity of the coal industry 
—especially the South Yorkshire Coal Trade Association. Its 
spacious laboratories and modem plant and scientific equipment 
provide increased facilities for teaching and research; they place 
the University Mining Staff in a position to render even greater 
service than it has in the past to employers and employed in one 
of the most important coal areas of En^and. 

The University is much indebted to Dr, J. H. W. Laverick, the 
Chairman of the Mining and Fuel Committee, for hia service in 
assisting to obtain the funds necessary for the erection and equip¬ 
ment of the building. 
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XII. METALLURGICAL SOCIETIES AND 
INSTITUTIONS 

Introductory 

In the course of his hook, M<tallur§y attd Its Injlvencs on Modem 
progress, the author presented classified data showing that there 
were then some 600 scientific and learned societies in Great Britain 
and Ireland alone, and that the membership of the principal engin¬ 
eering societies of the Britbh Empire amounted to nearly 68.000. 
l ead ing information was there given concerning a number of these 
important bodies, specially those with which the author Ikas been 
associated during a period of many years. In tlie space here 
available It is only posriblo to pay a general tribute to the invaluable 
services rendered by these societies and institutions in the colloction 
and dissemination of knowledge on a world-wide basis. S^Kclal 
mention may, however, be made of the formation of the Iron and 
Steel Institute in 1869, and the great work it has since accomplished ; 
also, of certain local societies and associations which have done 
much for metallurgical workers in and around Sheffield. One of the 
most promising auguries for the future of metallurgy in this country 
is to be found in the ever-widening appreciation and support, not 
only of such bodies as the Iron and Steel Institute, the leading 
representative of ferrous metallurgy, but also specialised and local 
associations of all kinds, down to more or less informal societies and 
clubs such as are now to be found in almost every trade and college. 
Formation of the Iron and Steel Institute 

From the time of its foundation in 1869, the Iron and Steel 
Institute has played a most important part in encouraging research 
and disseminating scientific and practical knowledge concerning 
ferrous metallurgy at home and abroad, irrespective of nationality, 
and the author counts it a special honour to have been President 
of this great Institute and to have received from it the award of the 
Bessemer Gold Medal, The Institute was founded with the objects 
of aEording a means of communication between members of the 
Iron and Steel Trade upon matters bearing upon their respective 
manufactures, excluding all questions connected with wages and 
trade regulations, and of arranging periodical meetings for the 
purpose of discussing practical and sdentifio subjects bearing upon 
the manufacture and working of iroo and steel. 

The suggestion that such an Institute should be established was 
originally made at a quarterly meeting of the Iron Trade of the 
North of England, heldin Newcastle-upon-Tyne, on September 29th, 
1868, by the late Mr. John Jones, of Middlesbrough, at that time 
the Secretary to the North of England Iron Trade. In accordance 
with resolutions then passed, a meeting was convened at Birmingham 
on October 8th, 1868. Mr, William Menelaus presided, and it was 
resolved unanimously to take st^s for the establishment of an Iron 
and Steel Institute with rules based upon the general principles 
adopted by kindred societies, rigidly excluding ul questions con* 
nccted with wages and trade regulations. A provisional committee 
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wai? fotmeH, who considered it desirable that the proposed Institute 
should have its headquarters in London, but that periodical meeting 
should be held in the various ironmahing districts. A second 
meeting of the provisional committee was held in London at the 
Westminster Palace Hotel on December 17th, 1868, and at which Sir 
{then Mr,) Lowthian Bell presided. Rules were drawn up, and it 
was resolved that the late Duke of Devonshire, K.G., Cliairman of tlic 
Barrow Steel Company, should be requested to become first Presi* 
dent of the Institute. On January iith, 1869, another meeting 
was held at Washington Hall, NewcastIe*upon*Tync, and 101 
candidates were elected members of the new Institute. The fir.'it 
general meeting of members was held at the Westminster Paince 
Hotel, London, on February 25th, 18^9. In 1899, thirty years after 
its foundation, the Institute was incorporated by R<)yal Oiartcr. 

Cosmopolitan Membership and Activities 
The Transaetidns of the Iron and Steel Institute already extend 
to Z26 volumes, and no less than 1,620 papers have been presented 
to this body, including communications on almost every important 
development in ferrous metallurgy during the past 64 years. From 
its earliest years the Iron and Steel Institute has alwa3^ been a 
cosmopolitan body, and its members at present represent no fewer 
than 26 nationalities. The total membership is now some 1,800, 
compared with about 2,000 in 1905-^, the year of the author's 
presidency. Ko doubt the numbers will again increase rapidly 
when more prosperous times return. The largest membership list 
is that of London, with 224 members; next comes Sheffield, with 
291, With a little effort, Sheffield .should eventually head the list, and 
it would be very appropriate that it should do so 1 
Twice during the present century, Sheffield men have been 
Presidents of the Iron and Steel Institute, Sir William Bills in 2924- 
25, and the author in 1905-7, while six of our citisens, Messrs. 
J. D. Ellis, Hadfield, Arnold, Saniter, Brearley and Hatfield, have 
received the Bessemer Gold Medal, the much coveted blue riband of 
metallurgy. The Sheffield representatives on the Council of the 
Institute are Mr. Fred Dements, Sir WiUiam Ellis, Sir Robert 
Hadfield, Dr. W. H. Hatfield and Mr. Ernest H. Saniter, 

As emphasised repeatedly in the course of this address, the 
magnificent structure of modem metallurgical science and practice 
is the result of continual research and endeavour by workers all over 
the world. Further proof of this fact, if any be required, is to be 
found in the Transactions of the Iron and Steel Institute, in the list 
of its Past Presidents and, to an even greater extent, in the list of 
those eight nationalities who have been awarded the Bessemer 
Gold Medal in recognition of their services. The following lists 
of famous Presidents and Bessemer Gold Medallists, ranged in 
alphabetical order, mark out the history of modem metallurgy and 
show that metallurgy indeed knows no geographical boundaries: 
William, Duke of Devonshire, our first President, 2869-71; Sir 
Frederick Abel, 1891-93; Lord Airedale of Gledhow, 1889-01; 
Sir Henry Bessemer, 1871-73; Sir Lowthian Bell, 1873-75 J 
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Andrew Carnegie, 1903-5 ; Sir William Ellis, 1924-25; Professor 
Henry Louis, 1929-31; Mr, W. R. LysagLt, 1933-54; Mr, E. P 
Martin, 1879-99; Dr, John Percy, 1885*87 : Sir William Roberts- 
Austen, 1899-1901; Rt. Hon. Sir B. Samuelson, 1883-85 ; Sir 
Willibn Siemens, 1877-79 • Dr. J. E, Stead, 1920-221 Mr. Benjamin 
Talbot, 1928-29; Mr, William WhitwcU, 1901-3; Sir Charles 
Wright, 1932-33. 

Amongst the famous Bcisemer Gold Medallist^ have been Her 
Majesty Queen Victoria, 1899: His Majesty King Edward VII, 
1906; Sir Lowdiian Bell, who was the first, 1874: Sir Frederick 
Abel, 1897 ; Richard Ackerman, 1885; Dr, J. 0 . Arnold, 1905: 
Lord Armstrong, 1891: Sir Hugh Bell, 1926: Dr. Carl Benedicks, 
1927 ; Mr. H. Brcarley, 1920 : Dr. J. A. BrincU, 1907 : Mr. Andrew 
Carnegie, 1904; Sir Harold Carpenter, 1931; Prrjfcssor H. k? 
Cliatclier, X^ii; Mr, J. H. Darby, 1912; Mr. J. D. Ellis, 1889: 
M. Charles Fr^ont, 1921: Mr. John Fritz, 1893; Professor F. 
Giolilti, 1919; Or. W. H. Hatfield, 1933; Mr. F, W. Harbord, 
1916 : ^xrfessor Kotaro Honda, 1922 ; Mr. A. L. HoUcy, 1882 ; 
Professor H, M. Howe, 1895; Herr F, Krupp, 1902; Professor 
Henry Louis, 1932; M, Pierre Martin, 1915; Mr. Robert Forrester 
Muahet, 1876 ; Professor Floris Osmond, 1^ : Sir Charles Parsons, 
1929; Dr. John Percy, 1877; M. Alexandre Pourccl, 1909; Dr. 
W, Rosenhain, 1930; Mr. E. H. Saniter, 1910; Professor A. 
Sauveur, 1924; M. Eugtoe Schneider, 1930: Mr, Charles M. 
Schwab, 1928; Sir William Siemens, 1875; Mr. G. J. SncUis, 
1883; Dr. J. E. Stead, 1901; Mr. Benjamin Talbot, 1908; Mr. Sidney 
Gilchrist Thomas, 1883; Professor Thomas Turner, 1925; Dr. Peter 
Ritter von Tunner, 1878; Dr. Herniann Wedding, 1896; Sir Joseph 
Whitworth, 1878; Dr. Henri de Wende), 1900. 

Carnegie Research Fond 

An important landmark in the history and career of the Institute 
was the wide and munificent foundation m 1901 by Mr. Ajidrcw 
Carnegie of the Carnegie Research Scholarahipa and Gold Medal, 
which have been of such inestimable value in encouraging metal* 
lurgical research. Here again the awards have been international, 

This benefaction was subsequently increased by the late Mr, 
Carnegie to a sum of £20,000 to mark his Presidency of the Institute 
in 1903-1905, The revenue of this fund is expended by the Council 
in mai^ grants in aid of original research work in the metallurgy 
of iron and steel and in the award of a Gold Medal for mcritoriou.s 
work. The value of the grants is usually about £100, and a certain 
number are granted annually, jrxe^ctive of sex or nationality, 
to applicants who can satisfy the Council that they are qualified 
to carry out researches of an advanced kind. The recipients are 
under the obligation to present their results to the Institute for 
publication. Approximately 200 awards have already been made. 
Secretaries of tbe Iron and Steel lastiiute 

Throughout its existence the Iron and Steel Institute has had the 
benefit of able guidance and faithful service from its secretaries. 
The first Secretary was Mr. J. Jones, who was assisted by 
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David Forbes, F.R.S., acting as Foreign Secretary, He was 
lolbwed by Mr. J. Stephen Jeans, then by Mr. Bennett H. 
and later by Mr. G, C, Lloyd. Now, after 25 years of devoted 
service on behalf of the Institute, Mr, Lloyd is retiring from his 
honourable post aud carries with him the good wishes of all our 
members. We all congratulate Mr. Lloyd on the recent confer¬ 
ment upon him by the President of the French Republic of the 
Order of Chevalier do la Legion d'Honneur. 

To our new Seaotary, Mr. K. Hcadlam-Morlcy, the Council and 
members of the Institute otiar a hearty welcome. Mr. Morley ht\s 
unusual qualificatioriR which shouLl make his wiirk and dforts on 
behalf of not only British Iwt international metallurgy of particular 
value. He has the advantage 0/ taking office at a time when the 
outlook for the future is brighter than it has been for many a 
day past, and he has the good will of all concerned to help him in 
his new and important post. 

National Federations 

No reference to metallurgical societies and iron and steel organisa¬ 
tions would be complete without at least a mention of the signal 
services rendered by the Federation of British Industries under its 
able past Director, Sir Roland Nugent, and its present Director, 
Mr. G. C. Locock, C.M.G,; also the National F^eration of Iron 
and Steel Manufacturers, representing practically all the firms 
engaged in the iron and steel industry, whose Director, Sir William 
Larke, K.B.E., assisted by Mr. L. Birkett, lias rendered invaluable 
service lor many years. This Federation has rendered great service 
in the establishment of special Committees for the encouragement 
of research in collaboration with the Iron and Steel Institute, 

Sheffield Societies 

As regards local Metallurgical Associations special mention must 
be made of the excellent work done by the Sheffield Society of 
Engineers and Metallurgists, whose 375 members are at present 
under the able presidency of Professor F. C. Lea ; and the Sheffield 
Metallurgical Association with some 137 members and Mr. J. H, S. 
Dickenson to preside over them. The activities of these Associa¬ 
tions, in bringing together members to the benefit of all, have 
assisted greatly in the development of metallurgical knowledge, 
and the greater the number of such societies in different parts of 
the country the better for ouc future progress. 

The author remembers with great pleasure his year of office as 
President of the Technical School Metallurgical Society as long ago 
as 1693, and specially their Conversatione held on March 25th, 
1893, when delivering his presidential addres.%. This was one of 
the earliest efforts to bring what was then the Technical School 
into more intimate touch with the main industries of our dty. 
There were demonstrations of a number of scientific experiments 
and practical operations, as well as an interesting collection of 
exhibits including metallurgical specimens; and the great French 
metallurgist, Moissan, was kind enough to send specially fr^ Paris 
one of bis experimental electric melting furnaces, a rarity indeed 
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in those days. It was with this type of furnace he had carried out 
his then recent ex^iments which had attracted so much attention 
throughout the sdentlhc world. With it he had produced man¬ 
ganese, ^omium, and several of the rarer metals. There were 
also exhibited the Huntsman clock; electric welding equipment; 
Le Chateiier pyrometers of the electrical and optical types, beside 
Murrie's and Mesur^ and Noel's pyrometers; some specimens of 
steel made at the Technical School ; and many other things of 
^ual interest. This was probably the first exhibition of the kind 
in Sheffield, and it should be remernberod that its scope induded 
what were then some of the latest discoveries and most .arivanctxl 
methods in metallurgy and engineering. 

In the course of his address on that occasion, the author empha¬ 
sised the value of such Societies as a means of collecting and dis¬ 
cussing new points and improvements—thus acting as the " mental 
analysis department of industrial progress "—and urged the 
^rtbility of every steel maker having representatives in the 
Soaety. A development of this kind was ultimately brought about 
by Professor Ripper in the foundation of the Sheffield Technical 
Societies. These Societies provide a connecting link between the 
University on the one hand and the various industries^<utlery, 
file, silver, edge-tool and saw, foundry, rolling, steel melting, spring, 
wrought iron and day working—on the other- A governing body 
of practical and experienced leaders direct the attention of the 
trades to the various problems and issues which the lectures are 
planned to solve and, as the meetings are held at the University, its 
members are brought into direct contact with the latest knowledge 
and methods. It would be difficult to exaggerate the value of the 
work done by these Societi e s in helping workers to extend their 
knowledge of their trades. The ultimate effects will be far-reaching 
from both the economic and the social points of view- 

Scleatlfic Literature 

Reference has already been made in the author's published ad¬ 
dresses to the scardty of truly scientific and practical literature 
prior to about 1870. That difficulty certainly no longer exists, for, 
in addition to the innumerable books now published dealing with 
every branch of science and technology there now appear, as 
recently pointed out in the Journal of the Federation of British 
Industries, about 700,000 scientific and technical papers annually, 
as well as about 14,000 periodicals. 

In this respect the splendid work done by the Science Museum 
Librpy should be recc^ised. Its subject-matter index makas 
read^y available some two million references, and about 150,000 
entries are added annually. The published biographies on its 
shelves are estimated to contain no fewer than fortv million refer¬ 
ences, thus rendering the information service of the Library probably 
one of the most complete that exists. Any Institution or firm 
desiring to be placed on the approved list for borrowing publications 
from the Science Library has only to make application to the 
Director of the Science Miiseum, South Kensington. 
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XIII. RESEARCH 

Importance of Industrial Research 

The present high level of attainment in metallurgical practice 
is due primarily to lon^ and patient research by many workers in 
many lands, resulting in a steady improvement of facilities at the 
ciispt'sal of investigators and manufacturers alike. As the com¬ 
plexity of manufacture increa-ses year by year so docs the importance 
and, in many respects, the difficulty of research. Apart from what 
may be termed "pure” reacajch, that is, gencraf investigations 
carried cut primarily for the purpose of making whatever new dis¬ 
ci jvcries may arise, seeking simply " truth for truth** sake,” there is 
what may be called ” applied ” or " industrial ” re.scarcU directed 
largely towards the solution of spccibc industrial problems. Ob¬ 
viously this latter class of rasearch is concerned with the latest 
discoveries and investigations and with the highest degree of 
truth and accuracy, notwitlistanding the fact that it is directed 
towards an imm(^ialely practical end. Research is, in fact, 
the quest for knowledge whatever the motive, and if any dis¬ 
tinction or comparison is to be drawn between ” industrial ” and 
" pure ” resear^ then, on tlie whole, applied or industrial research 
is the more difficult because the end in view, and often the imperative 
need, is a workable, satisfactory and economical solution to a specific 
problem. 

In a modem steelworks research necessarily forms part of the 
inditstrial operations and demands almost as much attention as is 
devoted to the manufacturing side. The research laboratories 
and their equipment are less spectacular than the flaming furnaces, 
mighty mills and other machinery, but it is in tlie laboratories that 
the secrets of new steels are discovered, and it is there that those 
innumerable tests are applied which are essential to control the 
manufacturing operations and ensure that every piece of steel sent 
out from the works is of the desired composition, purity and 
strength, properly worked and subjected to correct heat treatment, 
fitted in every way to give the best possible service. 

Neceaaity for Correlation 

In earlier days it was rather the rule than the exception for in¬ 
vestigations on steel to be conducted in a more or less arbitrary 
manner, that is, with reference to the particular properties in which 
the investigator happened to be interested and without recording 
other properties which, as shown by subsequent experience, might 
actually affect the ones examined. Also the composition of the 
steel was often indicated in an Incomplete manner ; it might be 
stated that the experiments had been conducted on a piece of 
carbon steel: the carbon percentage might or might not be men¬ 
tioned, but if so the data usually ended there. The full importance 
of complete correlation of data was clearly shown in the author*s 
original pap^ in 1&S6 and onwards, describing manganese, silicon 
steel, aluminium, nickel, chromium, tungsten and many other 
alloys. These researches and the increasing number of investi- 
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gatiftns by others, mcluding the valuable work done by Professor 
Arnold, showed that we must have complete correlation, including 
not only very complete chemical analyses—in many such data 
have now to be obtained for twice the number of elements formerlv 
determined—but also mechamcal tests, determinations of electrical 
and physical properties and, of course, full examination of micro- 
structure. 

The laboratories of the author's firm, as used for routine testing 
as well as original investi^tions, include equipment for every kind 
of test—chemical, mechanical and physical—with special apparatus 
for carrying out tcn.sUe, bending, endurance, impact, hardness, 
electrical conductivity, magnetic pcrmeabjl ky, hystcrc.<is. 
detemunation of thermal change point.s, and other tcsis. In a 
single week as many as I 3 ,ooo ^yrnmetiic observations Uaxc been 
made, and the equipment for the microscopic examinatum and 
micTophotography ox steels at all powers up to 5,000 and c^xQ 
8,000 diameters is continually in use. 

In 1905, on the occasion of the first visit to Shefiield by the Iron 
and Steel Institute, the late Dr. Wedding, of tolin, the leading 
German metallurgist of his time, stated that: " The research work 
carried on at the Hadfield works was of a completeness which 
would serve as an example to every academy in Germany." Today, 
of course, the equipment is immeasurably superior to the best then 
available, and our researches are far more numerous and exlxaustive. 

Nevertheless, though the equipment is the best to be had, it 
must be freely admitted that we could not obtain the results we 
do were it not for the men at our disposal. We are fortunate in our 
Research Department in possessing a staA second to none in know¬ 
ledge, skill and enthusiasm, and, in so far as their training U con¬ 
cerned, the author would bke to pay tribute to the invUuable 
services rendered by the Applied Science Department of the Univer¬ 
sity of Shefheld, and in other directions by the Sheflield Trades 
Technical Societies and, of course, the Iron and Steel Institute 
and other scientific and professional institutions and societies. 

Co-ordinated and Individual Research 

Quite recently the author was asked by the Department of 
Scientific and Industrial Research to make such comments and 
si^estions on a list of investigations put forward by the Depart¬ 
ment’s Metallurgy Research Board as seemed likely to be of benefit 
to industry. In due course, suggesdoas concerning not only 
scientific, but also technical and practical work, were submitted to 
the department, and were acknowledged as being cf material 
assistance in the light of industrial requirements and in defining 
svork already covei^ by private research. These facts are men¬ 
tioned as a tribute to the spirit of co-operation and enterprise that 
is being displayed by the department in regard to meeting as fully 
as possible the requirements of industry. 

For obvious reasons, individual commercial concerns cannot and 
ought not to refrain from following with the utmost energy any and 
ail of the research problems bearing on their particular line of work. 
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Such research is, in fact, p«t of their work and must remain so il 
they are to roaintafn their position in the industry. There are, 
however, many problems of general interest, bearing not so much 
on the needs and opportunities of individual firms as on the general 
advancement of knowledge which can be dealt with and co*ordinated 
very usefully by a central organisation and investigated, at any 
rate on a laboratory scale, in central institutions. Work of this 
class is naturally very ienpr^rtant, and it is being carried on with a 
gratifying measure of success by the Department of Scientific and 
Industrial Research under the able direction of Lord Rutherford, 
Past President of the Royal Society, who hru* clone so much for the 
advancement of science in this country. 

As regards the extent to which centrally co-ordinated anti con¬ 
trolled research can, or ought to. replace Individual research, opinions 
may differ. In the author’s experience, extending ntjw over a 
period of nearly sixty years, wliile correlation of chemical, physical, 
mechanical and other investigations is essential in the investigation 
of each particular material or problem, the possibilities of co-opera¬ 
tive research, or research by trades or by State departments, are 
distinctly limited. Individual effort has been the secret of our 
success in the past, and so it must be in future. Without belittling 
the value of central co-ordination of research on what may ^ 
termed problems of general interest, the author is firmly of the 
opinion that the key to successful industrial research is to be found 
in the individual effort and enthusiasm of reseaKh workers extend¬ 
ing over the broadest poj«ible field in the well^uippod lahoratorift* 
of the firm they serve. 

Fuel and Furnaces 

One of the most important industrial probleiru of today is fuel 
economy, a matter which concerns engineers, metallurgists and 
eve^ consumer of fuel. Primarily the problem is largely an 
engineerii^ one, but the metallurgist and the chemist are also 
contributing to its solution. Each advance effected by the engineer, 
whether by increasing pre.ssures or temperatures, by reducing 
deadwei^t, or by otherwise improving the utilisation of material, 
saving energy and fuel, demands and depends upon improved 
materials, and these the metallurgist is called upon to supply. 

Notwithstanding the advances of recent years, there is still room 
for great savings in almost every field of combustion engineering. 
In a presidential address to the Conference of the British Commercial 
Gas Association in Sheffield some years the author pointed out 
that from 45,000 to 60,000 cubic feet of jwoducer gas from coal will 
melt I ton of steel. The thermal units from this amount of fuel are 
about ^.400,000 B.Th.U., of which less than 13 5 per cent- is utilised, 
and no less than 86 5 per cent, is lost. Some of the problems of 
furnace heating are reviewed, in the light of the latest trends of 
develojment, in an article by the author and Mr. R. J. Sarjant, 
M.Sc.. in the Fuel Ec^ttomy Rtviof oj the Federaix<m of British 
Induces. Volume XII, 1933, The scope for improvement in 
existing practice is indicated, and the economic position of com- 
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pelitiv« fuels is considered. These are mallere which m^ht be 
thought to lie outside the province of the metaUurgist. Actually 
they concern him most closely, not only because he uses great 
quantities of heat, in the form of either fuel or electrical energy, in 
the various operations of making and working steel and other 
metals, but also becaose his materials, specially some of the later 
alloy steels, enable fuels to be utilised more economically and to 
better effect in practically every one of their many applications- 

Thc question of the scientific utilisation of fuel, particularly in 
its bearing on the carbonisation industry, is dealt with most ably in 
the Department of Fuel Technology of the Sheffield University 
under the direction of Professor R. V, Wheeler. 

Following upon the sequence of development traced in Sections 
IV and V of this address from Huntsman’s crucible process to the 
Bessemer process and the Siemens-Martin open hearth process there 
came, after a shorter interval of time, the various forms of electric 
furnace which have done so much to facUitate tbe manufacture of 
pure iron, steel and special steels. 

Curiously enough the high frequency induction furnace, which is 
the latest type of equipment for melting alloy steels, is yet another 
practical ap^ication of Faraday’s wonderful discovery of electro- 
maginetic induction. This discovery was not made untU many years 
after Faraday abandoned his researches on alloys of steel, and great 
advances had to be made in electrical technology before the dis¬ 
covery could be applied as it is today, but it ought never to be 
forgotten that we owe to Faraday not only the first systematic 
research on albys of steel, but also the iraptitant discovery which 
led to the latest and best method of prepa^g modem alloy steels 
free from any possibility of contaiainatioD. When Faraday 
succeeded In preparing a specimen containing only 0*07 per cent, 
carbon by means of his little ’’blast furnace ” he pedormed an 
operation of much greater technical dlOiculty than is now offered by 
the melting of pure iron in a high frequency furnace operatii^ on 
the principle of electromagnetic Induction which he discovered. 

Low Temperature Research 

In every field of ferrous metallurgy tbe march of progress goes on 
unceasingly and new researches are continually being put in hand. 
It is impossible here to make any attempt to indicate alt the lines of 
inquiry at present under examination, hut special mention may be 
made of certain low temperature investigations, which contrast 
strikingly with the matters of fuels and furnaces discussed above. 

For many years the author has been strongly attracted to the 
investigation of the effects on iron and its alloys low temperatures 
down to that of liquid air (—182® C.), hquid hydrogen (-352*8^0,), 
and liquid helium (—269*0,), approaching dosely indeed to that of 
absolute zero (—273* C,). An important series of researches on this 
subject commence by collaboration between the author and the late 
Sir James Dewar, F.R.S., Director of the Royal Institution, London, 
for 46 years. An extensive series of experiments resulted in a paper 
’’ Ou the Effect of Liquid Air Temperatures on the Mechanical and 
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Other Properties of Iron ajid its Alloys" presciited t<) the Royal 
Society in 1904 in Ihcir joint names. 

Then followed a still more exhaustive paper presented by the 
author to the Iron and Steel Institute in 1905, entitled "Experi¬ 
ments relating to the Effect on Mechanical and other Properties of 
Iron and its Alloys produced by Liquid Air Temperatures." This 
paper, based on no fewer than 2,000 individual observations, 
occupied lofi pages with discussion, 14 figures, 37 diagrams, 15 tables 
and 350 tests. This research proved to be a claasic one and lias been 
for many ycar.s a standard refermee for those interested in tlic effect 
on ferrous and other metals of low temperatures ranging down to 

This was followed by a joint paper by the late renowned Professor 
Kanicrlingh Chines of Leiden University and the author with regard 
to special investigations as to the magnetic and other qualities of 
various ferrous alloys at the stUl lower temperature of liquid 
hydrogen (- 353 * 8 * C.) and in some cases of liquid helium (—269* C.). 
Aji account of this research appeared In the Proceedings of the Ro3rU 
Society, A, Vol. 99,1921, and has provided further information and 
data which have b«n found useful for reference, specially as regards 
the curious effects of such low temperatures on the magnetic and 
non'magnetic properties of ferrous metals. 

Unhappily the death of Professor Kamcrliagh Onnes occurred in 
Z926, but the low temperature researches have been continued at 
L^dcn by Professor W. J. de Haas in collaboration with the author. 
Prolonged and painstaking investigations extending over a period of 
six years culminated in a joint paper presented to the Royal Society 
on April zith, 1933, entitled " Research on the Effect of the Tempera- 
ture of Liquid Hydrogen (-252*8® C.) on the Tensile Properties of 
Torty-one Spedmens of Metals cornprising («) Pure Iron, 99*85 per 
cent.; (i) Four Carbon Steels; (e) thirty Alloy Steels; Cop^ier 
and Nickel; («) Four Non-Ferrous Alloys." This paper, which is 
to be published in the autumn of 1933, adds substantially to the 
knowle^ previously available concerning the properties of metaU 
at these very low temperatures. Further research is required, and 
will be undertaken as opportunity arises, concerning the effects of 
yet lower temperatures, out, as will be readily appreciated, the 
difficulties increase enormously with every degree of closer approach 
to the absolute zero of temperature. 
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XIV. NAMES 01-* THE EARLY METALLURGISTS, 

384 B.C.—1882 

Early Workers In Sdentilic Metallurgy 

The actual origin of the utilisation of metals by man, whether 
with or without such processes as would justify the application of 
the term " metallurgy,” is lost in the mists of prehistoric centuries. 
Certainly the period goes hack many thousands of years. It was not, 
however, until comparatively modem times that the production of 
iron on a large scale was commencod, using coal in pla« of charcoal 
for smelting. Dud Dudley, in 1619, was probably the first iu tins 
coun^ to smelt iron with " pit-coale ” on a scale which was then 
considered quite large and important. Prior to that time, the 
names definitely identifiable with metallurgical works are few in 
number, and the following list includes the most important of 
them, and, further, extend the record down to the end of the 
nineteenth century 

Aristotle (Greece), 3S4-322 b.c., philosopher, described the manu- 
factare of Indian steel. 

Theophrastus (Greece), 374-287 a.c., philosopher, wrote on iron ore. 

Piodorus Sieulus (Siedy), 60 f,c,, geognpher, describe<l tto 
stoeltiag of Elba ore. 

Plinius (Italy), 7^3 b,c,, naturalist, showed that the properties 
of iron depend upon its treatment. 

Rugerus Theophilus (Germany), mook, dealt with iron in his 
Schedula diversarum Artium(1050). 

Leonardo da Vinci (Italy), 1452-1519, physicist, artist, etc., intro¬ 
duced blast for smelting iron. 

Vanuecio Biringuccio (Italy), 1480-1539, deal with iron in his 
” Pyiotechnia " {r54o). 

Georgius AgricoJa (Gonnany), I490'i555, dealt with metallurgy 
of iron in hi$ '• De Re Metalljca " (published 2546). 

Paracelsus (Swilserland), 1493-1541, chemist, improvcxl motalhiTKi- 
cal methods, discussed the distinction between iron and steel. 

Lasarus Ercker (Germany), wrote on assaying (r574). 

Louis de Gear (Sweden), 2587-1653, introduce the Wall<K)ji 
furnace. 

Dud Dudley (England), 2 599-1684, first aoicitcd iron with pit coal. 

Johann Rudolf Glauber (Germany), 2604-1668. chemist, discovered 
several metallic chlorides. 

Simon Sturtevant (England), dealt in his " Metallica*' uith the 
use of coal for smeJtiag (2622), 

John Rovonwn (EngJaiJd), dealt in bis "MetaJIica” (16x3) with 
the use of coal for smelting. 

Sir John Pettus, Knight (England), 1613-1690, author of metal¬ 
lurgical works. 

Andrew Yananton (England), 1616-2684, introduced tin-plate 
manufacture. 

The Hon. Robert Boyle (England), 2627-2691, cJjomist and 
physicist. 

Sir Isaac Newton. Knight (England), 2643-1727, .scientist. 

Ren6 Antoine Perchault Rfeumur (Fiance), x683-2757, physicist, 
wrote on cementatioa and de^bunratlon. 
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Emanuel Von Swedeabcef (Swedeo). >689-1772, engineer and 
theologian, wrote on iron. 

G. Brandt (Sweden). 1694-(768, discovered cobalt {1733). 

Benjarain Huotaman (En^glaAd), 1704-1776. manufacturer, firet 
to melt rteel. 

Benjamin Franklin (Umted States). 1706-1790. statesman and 
scientist, inventor of tbe Pranklia stove. 

Johann Andreas Cramer (Gennany), t7>o-X777, author, wrote 
on metallurgy. 

Abraham Darby (England). 17 >1-1763, used coke for smelting. 

i^ven Sinman (Sweden). 1720-1792, wrote 00 metallurgy ot iron. 

Axel Frederic Cronstedt (Swolen), Z7S2->765, oiintfaJogi&'t, 
discovervd nkkc) (1731). 

Joseph Pri&itlcy (Knglasid). 173^1804. chemist, discovered oxygen 

UVi)- 

Richard Kirwan (trelaad). 1733-1812, author, first English writer 
on miaeralo^. 

Tobem Olaf Bergmann (Sweden). r735-]784, ebeoust, founder of 
analytical chemistry, draw distinction and explained dlfier* 
ences between pig-iron, wroogbt uoo, and steel. 

Henry Coft (Eoglar^). 174(^2800, engineer, in&oduced paddling 
and tbe use of groov^ rolls. 

Karl Wilhelm Scheel e (Sweden). 174^1786. chemist, anticipated 
Priestley's discovery of oxy^n; discovered manganese 
(177^, ^lorioe. barium, and motybdeoum. 

Martin Heinrich Klaproth (Germany), >743-18>7. chemist and 
mineralogist, discovered ucmniaot (1789) and titanium (1794}. 

Antoine Isjjrcnt Lavoisier (Prance), i743->794. chemist, creator 
of modem chemisby. 

Johann Gottlieb Gahn (Sweden), 1745-1818. chemist, isolated 
phospheric add. 

Claud Louis de Berthollct (Fiance), 1748-1822. cbeinist, discovered 
composition of ammonia. 

Fausto de Elhoyar (Spain). 1755-1833. chemist, first prepared 
metallic tnogsten (>793). 

William Reynolds (England). 1758-1803, pate n ted (1799} the 
uso of manganese oxide for steel mannfacture. 

John Dalton (England). 2766-1844. chemist, published table of 
atomic wights. 

Jeremias Benjamin Richter (Germany), 2762-1807. chemist, 
invented alcoholometer. 

Loois Kicoks VaoqueUn (Prance), 1763-2829, chemist, discovered 
chromium (2797). 

David Musbet (Engh^), 1772-1847, metallurgist, anther, dis¬ 
covered blacklrSnd ere. 

Sir Humphry Davy (Eoglaod), 1778-1829, chemist, first isolated 
poOssinm and sodiom. 

Jons Jakob Bertelius {Sweden), >779-1848. chemist, prepared 
pure iron, discovered selenium, tb^um and cerium, isolated 
alicon. and intioduced tbe theory of allotropy. 

Pieire Bertbier (Prance). 1782-1861. chemist, wrote on metallur¬ 
gical analysis. 

Robert Sterling (Seotiand), 1790-1878. patented regenerative 
principle (1847). 

Michael Faraday (England). 1791—1867, chemist and physcist, 
investigated the pr operties of iron and steiel afioys. 
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James Beaumont Neilson (Scotland), 1792-1865, invented hot- 
blaet (1828}, 

Frtednch Wohler (Germany), 180^1882, chemist, isolated ala- 
mioiuoi (1827). 

Tribute to International Workers 

The strongly international nature of this list is immediately 
evident, and this may be further demonstrated by the lists given in 
the following para^phs. While this country and tJie 6ty of 
Sheffield have taken a leading part in the development of modem 
metallurgy, no one. and certainly not the author, would for a 
moment desire to belittle the important contributions mack by 
those abroad. 


Ajxaaged on a national basis for convenience of reference, the 
lead^ early metallurgists of Oreat Britain, France, Germany and 
Sweden, the countries principally concerned, are as follows 


Gksat BaiTAiN Dud Dudley 
Sturtevant 
Rcvenson .. 

Sir John Petrus , 
Andrew Yarrenton 
Huntsman.. 
Abraham Darby .. 
Piebaxd Kirwan .. 
, Henry Cort 

William Reynolds 
The two Musheti 
Robert Heath .. 
Robert Sterling ,. 
Michael Faraday ., 
James Keilson 

Prahcb R^aomur .. 

Ja« 

Lavoisier .. 
BertboUet. - 
Vau<5«lin 
Berthier .. 

Gbrmamy Theophilu.i 

Agncola ., 

Ereker 
Glauber 
Cramer 
Klaproth .. 

Richter 
Wohler .. 

SwsDSM Swedenborg 

Brandt 

Cronstedt .. ,. 

Bergmann.. 

Scheele 

Berselius .. ,. 

loS 


^ 599 - 16^4 

1612 

1613 

2 Cr 3 -i 690 

161^1684 

1704-1776 

>711-1763 

i733-i8xa 

1740-1800 

1772-2847 

1856 

1790- 1878 

1791- 1867 

1792- 1863 

J683-1757 
2729-1&08 
» 743->794 
1741^1822 
2763-1829 
1782-1861 

1030 

1490-2555 

» 5?4 

1604-1668 

1710-1777 

1743-1817 

176^1807 

280^1882 

1688-1772 

J694-1768 

1723-1765 

2735 -J 784 

1742-2786 

1779 -J 848 
































L«5l the p^od covered by these lists be conadered arbitrary* it 
may be explained that thay incJude only those workers whose main 
contributions were made before, or not considerably later than, 
the foundation of the Iron and Steel Institute in 1869, this date 
being a convenient and reasonable division between old and modem 
in the present connection. The above lists are believed to be 
substantially complete, but id the stress of other affairs some 
omissions may have escaped the author's notice. 

In 1722, Reaumur published an important treatise on the con¬ 
version of bar iron into steel, and desenbed cementation furnaces 
very much like those still in use, as well as a method for ann^ing 
hard iron castings by heating them when embedded in iron ore. 
It was he, however, who was largely responsible for the mistaken 
idea, prevalent amongst French metallurgists for a century or mote, 
that the irons made in France could be treated, with the imperfect 
resources then available, so that they would equal the pure 
products of Sweden. On the other hand, the ores which gave a 
definitely inferior product in the eighteenth century can now be 
made to yield steel of the highest quality, thanks to advances in 
metallurgical science. 

It is not always realised how much the subsequent progress of 
metallurgy was facilitated by tho great work done in Sweden during 
the seventeenth and eighteenth centuries in the discovery and 
isolation of many of the elements now used for alloy steels. Thus 
G. Brandt discovered cobalt in 1733; Axel Frederic Cronstedt 
discovered nickel in 1751; Karl Wilhelm Scheele (1742-1786) 
disco^’cred manganese, molybdenum and other elements; and 
Jons Jakob Berzelius {177^x848) isolated silicon, and was the 
originator of the theory of allotropy; Martin Heinrich Klaproth 
(Germany) discovered uranium in 1789, and titanium in 1794; 
Fausto de Elhuyar (Spain) was the first to prepare metallic tungsten 
(1792}; and Louis Nicolas Vauquelin (France) discovered chromium 
in 1797. 

Though chemists of other countries discovered these important 
metallic elements, British workers have not been idle. Indeed, the 
work of Egbert Boyle, Isaac Newton, Benjamin Huntsman, Abra¬ 
ham Darby, Joseph Priestley, Henry Core, John Dalton, Humphry 
Davy, Michael Faraday, David and Robert Mushet, Henry Bessemer, 
William Siemens, Lo\^lan Bell, George Snelus, Sidney Thomas, 
Percy Gilchrist, and other^—to say notmng of those belonging to a 
peri<Kl nearer to our own times—contributed greatly to the state 
of chemical and metallurgical knowledge at the middle of last 
century. 

Names of Authors of Early Metallurgical Literature 1546 >1880 
Notwithstanding all the labours of the pioneers mentioned above, 
results of which must be judged according to the knowledge and 
facilities then available, it was not until the decade of 1870 to 1890 
that there occurred the great activity and advances in metallurgical 
science, of which we enjoy the benefits to-day. 
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The quality of the literature of a particular branch of science 
generally shows the relative position it occupies in the world, and 
this is well illustrated by the science of metallurgy. 

The author has been fortunate in collecting a library of some 
three hundred books on metallurgy dating from about a,d. 1400 
down to the present tune. The following are the names of tlie 
chief writers on the subject between 1546 and 18B0. that is, a period 
of over 300 years:— 


Agricola.. 

.. 1546 

David MiialwC .. 

.. 1840 

Dud Dudley .. 

2665 

Faraday 

1842 

SirJ. Pettus 

1683 

Heath .. 

, 1856 

Reaumur 

1722 

Percy ., 

1861 

Swedenborg 

•' *?34 

Holley 

, X865 

Jars 

*774 

■Whitwurtii 

.. ihO(> 

Bergmann 

•' *778 

Kohji .. 

1 9 <h) 

Rinmaji 

.. 1782 

Osborn .. 

i860 

Cronstedt 

., 1788 

Crookes 

1879 

BerthoUet 

. X789 

Rohrig ., 

1870 

VaaqueJin 

.. x8o8 

Grunei .. 

1872 

Karsten 

1824 

Greenwood 

1874 

Berselius 

- *833 

Barba .. 

.. 187s 

Bertbier.. 

1834 

Z^ebur 

Jeans .. 

.. 1877 
.. 1880 


It will be seen that even as late as 1870. a little more than half a 
century ago, such literature was meagre indeed and it can safely 
be said tl^t hardly any of the books published before 1S70 would 
be of any practical value to*day. There were few books of \^ue on 
ferrous metallurgy, beyond Percy's admirable treatises and one or 
two others; and th^ were no technical societies in this country 
or elsewhere dealingwilh this branch of science until iSCq, wlieii 
the Iron and Steel Institute was founded. 
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XV. CONCLUSION 

In seeking for ^ note cm which to conclude this lengthy, but still 
inadeqiwte. review of the vast subject of the rise of ferrous metal¬ 
lurgy and the contributions made by Sheffield, the author believes 
ho cannot do better than stress the magnitude of the opportunities 
still awaiting the younger men. 

Often a beginner is rather discouraged by the success of others 
in the wt. With so much discovert, so much accomplished, he 
asks, what can there he left to do within bb cafiabilities. Actually 
all that we know. aJI that man has done, is little compart witli 
what wt remains to ho achieved. The si^ that wiped from 
Cecil Rhodes at the end of bb strenoous Life: ''So little done, 
s(> much to do ! '’might well be taken as an ins^ration to endeavour 
by those who are now at the commencement of their ^reexs. 

If we are inclined at times to think «« haw reached the height 
of human knowledge, let us remember the wise words of late 
Lord Salisbury: ” We liw in a small, bright oasis of knowledge, 
surrounded on all sides by a vast unexfdored r^ion of impenetrable 
mystery, and from age to age the strenuous labour of successive 
generations wins a small strip from tbe dtsat. and pushm forward 
the boundary of knowledge." 

The boundaries of metallurgical knowledge have been pushed 
far forward during the past fifty years or ."io, but there is no reason 
to doubt that the future holds equally remarkable advajic^ in 
store. How sixm they are effected and by whom depends largely 
on the efforts of the younger men in all parts of the world and 
spcdaljy in the great dty of Sheffield. 

pus city eJaims, and can justly claim, still to retain its pre¬ 
eminence as the leading metaUujgvcal centre for the production of 
high q^ity material. All over the wortd, the name of Sheffield 
is Ktcels^and the best steels at that. Thb proud distinetkm re¬ 
wards the labours of many generations of craftssnen supplemented 
ill more recent times by the efforts of many distinguished inventors 
and research workers who have applied every known method and 
d^ice of science to render that wonderful metal iron, and its de¬ 
rivatives, carbon steeb and special alloy steels, yet more extensively 
servi«ablc to man. Year by year, research discovery and in¬ 
vention cover a yet wider field and, armed with an ever-iBcreasmg 
store of knowled« and eacperience, the workers of Sheffield—many 
of them sons of Sheffield—will no doubt continue to keep our 
city in the forefront of metallurgical fvogress. 

The succes s es of the past were won by fax inferior to those 
now availabie and in tbe face of many difficulties that no longer 
exist. The younger men of today should be encouraged, not 
dismayed, by all that others have done. Now, as in the past, there 
is no royal road to knowledge and success. The bcilities offered 
are better than ever before, but patience and assiduity are still 
essential to their utilisation. Competitkm from abroad is greater 
than in the past, in the poisuit of kno^riedge and discovery no 
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less than in trade and commerce. We of this country freely 
acknowledge aU that haa been contributed to the cause of ferrous 
metaliurgy by vi^orkere abroad, and we look forward to a con¬ 
tinuance of the spirit of international good will and co-operation 
which has always animated workers in the field of science, without 
prejudicing that vigorous legitimate competition which is the salt 
of life and the incentive to further progress. 

The writer of this address oHers most cordial thanks tu those wlio 
have helped in its preparation, including Mr. R. E. Neale, Mr. W. J. 
Pawson, Mr. T- G. Elliot, Mr, S. A, hfain, Mr. R, J. Sejant and 
Mr. H, Hallatt. 

He is also indebted to Messrs. W. H. Smith and Sin for the 
as^stance they have given In the production of tins address, 
specially in view of the sliort time which has beon available. 



Me ted br W. H. Sum & SoK, Ub., Anlee I»rau, StASktord Sum. Uedofl, $JLl. 
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I—The TOAST of “THE CITY AND 
UNIVERSITY OF SHEFFIELD” 


1 greatly appreciate the honeui of being asked co propose the 
important Toast of “The and University of Sheffield” both 
of which corporate Bodies have extended a most hearty welcome 
to the Iron and Steel Insdcute as they did when it vi»ced oui City 
in 2905. 

As the time allotted to me for 07 Speech is only some “five 
minutes”, I fear it is hardly possible to do justice to this Toast. 
However* I will do my best. 

« First let me say chat I cannot thmk of 1 more condensed form 
of speech suited to this sbon time than by (Quoting the mottoes 
of our City and University also of our Cutlers* Co m pany. 
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II—SHEFFIELD MOTTOES 


Mottoes are parciculstly esprossive because they convey the 
most meoaicig in the least number of words, and ir would indeed 
be difficult to hnd better ones than those formulated in our Oty 
of Sheffield by its Wise Men of the past. 

(x) The Mono of out City with its many centuries of past 
history is “DBO ADJUVAOTE LABOR PROFICIT’'— 
“With God helping labour prospers.” 

(a) The Motto of our University, now in its tweaty-dghth 
year, is “RERUM COGn6sCERE CAUSAS”-«^‘To 
find out the real causes of things.” This it has certainly 
done, as is well known to diose who have followed its 
history from the Firth College and Technical School to 
its present day position. I cannot imagine Sheffield 
carrying on satisfactorily or, in fact, at all, to-day without 
our University's aid in its many branches. 

(3) The Motto of our ancient Cutlers* Company of Hallam* 
shire, dating from 1624, “POUR Y PARVENIR A 
BONNE FOI” is “To attain oae*s aim ^ good faith.” 
Our present Master Cutler, Oalonel A. N. Lee, gave the 
304tb Cutlers’ Feast last year and in this and previous 
Cutlers’ Halls most of the leading political and other 
represeatadves of our Empire have made important 
Speeches at this our “Banquet of the North.” For 
example, at my Feast as Master Cutler in 1899 my chief 
guest was Lord Lansdowne, just at the time of tlm ou> 
break of the Boer War, and at tlie Dinner 1 gave in 1905 
as President of our Iron and Steel Institute that ioyal- 
hearred Englishman, the late Mr. Bonar Law, eventually 
Priinc Minister of Great Britain, addressed us. 

(4) Whilst our Chamber of Commerce has not yet adopted 
a Mouo, it is suggested that the following words might 
be used as a basis for consideration, namely “Quality 
always telJs,” for did not Ruskin consider the Qualiiy 
of our Sheffield handicraft so high that he left us for ever 
those precious mementoes now enshrined in our Riiskiu 
Museum, which it is hoped the Members of our Iron 
and Steel Institute will visit during their stay in our 
Ocy. 
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Ill—“THE CITY OF SHEFFIELD” 


The first portion of the Toast with ^nhich I am eotnisied 
represents our Town, now the Ci^ of Sheffield, which dates back 
for much more T>i<n a thousand years. In the Reform Act of 1S32 
Sheffield was first given Parllan:^tary franchise and the Boroo^ 
was raised to the dignity of a City is 1893. Four years later ^e 
title of Lord Mayor was coufeii ed by Royal Charter on the Chief 
Magistrate, The Town Hall was c^)eoed is 1897 by H.M. Queen 
Victoria during her visit 10 our City. 

Our first Lord Mayor was die Duke of Kocfolk, who did so 
much for Sheffield’s prepress, educadooal and dvic. We have 
had 83 Mayors, 38 of ch^ being Lord Mayors. 

Shield has indeed a remarbble history, for who can fb^ct 
that about 600 years ago Chaucer in his Canterbury Tales 

spoke of Sbeffi^ “ihwyiels” or knives, evideutly Vinous in those 
<^ya as they are now. Thanks to the Nadoo^ Portrait Gallery 
I have been able to obtain an autbeniic portrait of this famous 
and world-renowned poet, Geofim Chaucer who is depicted in 
my Address of Welcome endtfed ^*The Rise of Metallurgy with 
special reference to Sheffield Discoveries Inveatioos and Research,’* 
with its eleven illustrations and ninety^x portraits, historical and 
local, relatu^ to many of chose of our Iwtitute who have helped 
TO make its work so renowned and fomous throughout the world, 
for we are an Incemadooal Body, “The International League of 
lion and Steel" we might well be termed. 

This Address has presented to those visiting chc Works 
of my Cooipany, and since its publication the Sheffield Recepdoa 
Committee ^ asked me to allow them to distribute ic more widely 
on account of its many as well as other general references. 
1 ^baU be only too pleased to present a copy to anyone interested in 
metallurgy who would like to have one and will let me know. 

It will be interesting for our Visitors to remember that Mary 
Queen of ^is (t5^-l5S7) was a pri^ner in Sheffield from 1570 
to 1584. Those desiriag to do so can, if they wish, see the ‘Turret 
House" soil in existeace where Queen Mary often resided whilst 
under the care of the Earl of Sbrewsbory. 

Cardinal Wolsey (1471 *1530) passed through Sheffield in 1530, 
in fact, some say he remai^ here for several weeks, on his 
memorable but 1st and ffital jonmey. 

Thanks to the Natraial Fortran Galley I have been aUe to 
present pictures of both of these hismric individuals. 

There is neither dme nor opportunity in this brief Speech to 
narrate the great deeds which during its existence oui Oty has 
done. The Empire knows the strenuous and invaluable aid Shield 
rendered during that never*to-be>fbigotten period of the Great 
War, 1914 to 1918, but I am not going to refer to our City’s prowess 
during those memorable four years. I would refer those interested 
to my Address of Welcome previously mentioned where diey will 
find a brief mention of Sheffield’s work. 
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IV—“THE UNIVERSITY OF SHEFFIELD” 


We ia Sheffie l d all know how much we owe and are indebted 
to the University on all sides whether as rceai^ the “liter® 
humamorcs,” “applied science,*’ or other Faculties. 

The University of Sheffield was itself founded io 1905, and 
1 well remember being present at the gathering when King Edward 
VII performed the opening ceremony. 

The Coming-of-Age CelebratioDS of the University which took 

E 'lace in 1926 will not easily be forgotten. It was a great pleasure 
or me to represent at that gathering twelve scientific and technical 
Sodedcs who sent their cordial greetings and best wishes for our 
continued success. 

Our first Chancellor was the xych Duke of Norfolk who reigned 
over ua in that dignified but fnendliest of manners from 1905 to 
I9i7» and out present Chancellor is the Right Hon, The Marquess 
of Crewe, K.G., P.C., to whom we owe a deep debt of gratitude 
for bis admirable services rendered now over neatly sixteen years. 
The Vice-Chancellors have been : 

Dt. W, M, Hicks, F.R.S. . 

Sir Charles Eliot . 

Dr. H. A. L, Fisher, F.R.S. 

0r. W. Ripper, F.R.S., 

Sir W. H. Hadow 

Its present distinguished Head, who has already rendered 
splendid service to out Qty and University, is Dr. A, W. Piefcatd- 
Cambridge, M.A. We wish him every success in this honourable 
and important position, for has he not ia his bands the destinies 
and control of our educational advancement which counts for so 
much in the future of our nation. 

The foundation of Sheffield’s modem educational system with 
Its advant^ for every dtizen without distinction of any kmd 
may be said to have commenced through the great generosity of 
me lace Mr. Mark Firth, who enabled our first educational centre. 
Firth College, to be built, and in this he was ably aasisced by the 
late Sir Henry Stephenson. We now look back and see bow small 
seem to have been the facilities which that College then offered. 
Nevertheless it was the beginning of better and greater things 
Then followed the Technical School in the foundation of which 
the late Sir Frederick Thorpe Mappin, M.P., played such a prominent 
part, and finally, the University itself in 1905 with its Faculty of 
Applied Science, including Metallurgy, Engineering and other 
branches. The Umversity has made for itself a name of no mean 


1905 

1905-1912 

I9i2-r9i6 

1917-1919 
1919-X930 
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fame throughout the world. For example, through its reachii^ 
of Metallurgical Science and its cognate branches important services 
have been rendered not only to our own Empire, but internationally. 
Its assistance has indeed b^n of inestimable value to our Qcy, in 
fact for those of us who can look back nearly half a century it is a 
wonder how we got on at all without its guidance. 

It is not necessary for me further to sound the praises of the 
University, for its work is so well known, nor is there time on such 
an occasion as the present. I have, however, in the Address of 
Welcome before mentioned endeavoured to show, both verbally 
and by actual portraits delineating the individuals chemselves^alas 
many of them gone from us^who have carried out the great work 
to which 1 have alluded, how much Sheffield has done in the past 
and also since the establishment of the University in our midst. 


DEGREES IN FOUNDRY SCIENCE. 

I should like to add one word more, namely, that it is to be 
hoped the ambition of our present able and energetic Professor 
of Metallurgy, Professor J. H. Andrew, D.Sc., will ht realised, that 
is with regard to the csublishment of a Founding Course in the 
Faculty of Metallurgy with degrees in Foundry Science for those 
who qualify. 

A successful student would be known as a Bachelor, Masur, 
or Doctor in Metallurgy, the word “Founding'* being inserted in 
brackets after the Degree. 

1 have special sympathy with any effort which is made to raise 
the status, and this will be one of tbe objects of this Degree, of the 
Foundryman, whether dealing with either ferrous or non-fertous 
products. This individual has been overlooked fer too long and 
deserves his place “in the sun,” that is, in the technical world. 
I may add that the Kadonal Union of Foundry Workers, repre- 
sendog tens of thousands of Moulders of Great Britain, have 
expressed every sympathy and approval with the present proposal 
to increase the dignity, usefulnbs and efficiency of this branch 
of human labour. 
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V—WOMEN METALLURGISTS 


^ these days of increaied poIidcaJ privilege the fact should 
ihac Metallurgy baa amongst its devotees those 
or the fair sex known as Women Metallurgists. 

They have shown the greatest intcKst in this branch of Science 
anfl amongst their distinguished represenutives may be mentioned 
M^s Elam, who worked under Sir Harold Carpenter; and Dr 
Mjss ^ne ^yler, under Dr. W. Rosenhain; Mrs. Shaw Scott: 
iV^ss A. K. Osbom; Miss Olive Priest, and many others in the 
thousands of laboratories at home and abroad. 
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VI—SHEFFIELD TECHNICAL SCHOOL 
and the PRIZE DISTRIBUTION in 1899 


Before I sit down there is a littJc persooal ieddent lo which 
I should like to refer, and I feel sure my reference will meet with 
your approval as it concerns two of our Members here to-aighi. 

On the evening of November 20Ch, 1899, that is nearly thirty-four 
years ago, when I was Master Cutler of Sheffield, I was asked to 
make a Speech and distribute the prizes in connection with what 
was then known as the Sheffield Technical School. 

There was ir» the Chair my ftiend the late Dr, H. Clifton Sorby, 
F.R.S., as we all know a scientist of great repute and a metallurgist 
too, for he undoubtedly founded that branch of Science known 
as Metallography which is so important in the study of ferrous 
and non-ferrous metals. We Sheffield men are jusdy proud of 
him. Another famous citizen who did so much for scientific and 
technical education and present on that occasion was my old friend, 
the late Sir Frederick Thorpe Mappin, MT. 

Now as I have said, when I look back no less than thirty-four 
years I find that two of the prizes I then distributed were even 
after this long lapse of time to two Members of special interest to 
us this evening. The first was to Mr. W, J. Dawson, a prominent 
Member of our Iron and Steel Institute and serving on several of 
its important Committees and who now occupies the honourable 
position as one of my colleagues on the Board of Directors of my 
Company, Messrs, Hadfields Ltd. of this City; the other prize 
was to Dr. W. H. Hatfield, D.Met., Chairman of ^ present 
Reception Committee, a Member of our Council, also of many of 
its important Committees, and recipient this year of that honour¬ 
able award the Bessemer Medal, the blue riband of Metallurgy. 
These two early awards show how coming events cast their shadows 
before chom. 
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VII—GOLF 


Wbibt the Council of the Iron and Steel Insdrute vdih its staff 
organisadoD is alaosi a perfect Body, 1 am act going to conclude 
these remarks of mine without toucUng upon one very important 
subject, and it represents the only fault I can find with its work> 
that is, whilst devoting its atrendon to chat noble branch of Science 
known as Metallurgy, it has paid little or no attention to that other 
noble branch of Physical Science and Art known as GOLF. 

I believe that I shaU have the acquiescence of many of our 
members now here chat we ought to have ao Iron and Steel Institute 
Goldng Association, or if that is too much to eitpecc then as I 
happen to be President of the Engineering Oolong Society of 
London with its large mernbership 1 need hardly say how pleased 
that Body would be to welcome an accession ^ Metallurgists as 
Members, specially in the order of those of the “plus ones” calibre. 
In saying this I do not mean that we should not be glad to have 
as members those whose qualifications and handicaps do not quite 
come within the class I have mentioned 1 

My own impression is that out of this suggestion may probably 
arise some great golfer with prowess in Golf equal to that in 
Metallurgy of a Bessemer and a Siemens or other of our great past 
men, also possessing suflicient capabilities to wrest the prize of the 
golf champion of ^ world from our American friends. Whilst 
our Inadtute i$ cosmopolitan, we would much rather that this 
championship remained in Great Britain from which the game 
first sprang. 

Does not this Institute make the finest rustless steel for the 
clubs used io this “noble game,” and should not tbe users of the 
said clubs show an equally unrivalled prowess and quality in the 
game itself equal to tbe quality of the steel from which their clubs 
were made. 

I throw this out as a suggestion to our Council and to our new 
and accomplished Secretary. Although I have not had a talk 
with him, I feel sure that be has a golfing look in bis eye. 

In conclusion, if it would be any inducement, 1 should be very 
pleased to offer a silver cup to be competed for not necessarily 
every year, but shall we say bi-annually or triennially, for the best 
golfer of tile Iron and Steel Tnstirute. 
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VIII—REFERENCE by RUDYARD 
KIPLING to IRON, and CONCLUSION 


I Will conclude my remarks by quoting a few words from one 
of if not oux greatest living poet, Rudyard iKipling. I have specially 
chosen Kiplii^ because me Metallurgist and the Engineer find in 
his wonderful poetical contributions many undying tributes to 
their activides and the spirit which animates them. Surely no 
eDgiueer can read "M’Andrew’s Hymn” unmoved, and in “Rewards 
and Fairies” the metallurgist will turn again and again to “Cold 
Iron.” 

In a recent personal letter to the author, Mr. Rudyard Kipling 
gave his kind permission to reproduce from this poem and also 
added the following inceresdog words: "I suppose the mystery 
and the changing forms of Iron must have been one of the first of 
the mysteries to Early Man—quite apart from the fact that the 
Iron blade—sword or spear—made him Master of the Beasts and 
his neighbours.” 

Finally, let me use Kipling’s words with regard to that wonderful 
metal Iron, in my bumble opinion the most wonderful of all mculs, 
where he says in words wluch bum like fire: 

‘'Gold is for ikt misiTesssihsr for ike maid! 

Copper Jot the craftsman cunning at his trade. 

Good I, said the Baron, sicdi^ in his hall, 

‘But Iron-Cold Iron—is master of them all I” 
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rejjarding 

The GIFT of SIR ROBERT HADFIELD, Bt., F.R.S-, 

to 

The SHEFFIELD UNIVERSITY 

in COMMEMORATION of the 


VISITS of the IRON and STEEL INSTITUTE 
to SHEFFIELD 
in 1905 and 1933 






(RrPRtNTRD FROM jPtftfy Ittdcptpdenl, SHRFPtei.r, 12 Srpt., 1933] 

£5,000 GIFT. 


SIR ROBERT HADFIELD’S LETTER. 

Sif Revert HaUfieW announced his mtcntioo of presentinc 
r.r’®^ SheffiekI Univcraiy in the followii« Iclter to the 
Vicc-ClianccKor 

I'ARKltftM) HolfSB, 

SKKPftRfJ). 

„ SefUmber lit A, l&i3. 

JJkak Jjr. PickarivC>mbs incR, 

1 thought with your apiwwal I should like to present the 
enclosed chetjuc for i! 5,000 to our University in commemoration 
0/ ihv visit of the Iron and Steel Institute to Sheffield in 1905 
when [ was President, and now on the occasion of the present 
v'sd curing the Presidency of my friend, Mr. W. 3 t Lys^ht, 
CR.E., who throug^i ill*h^kh we so much regret not to have 
with us. 

Although I leave the application and distribution of such 
sum entirely to the Senate, includii^ the Applied Science 
Committee of that Hody, naturally I should be glad to see the 
amount employed in some way on behalf of advancing 
mctallu^cal knowledge. ** 

1 have, for example, great sympathy with and fully approve 
of the proposals of the present I'rofessor of Metalluigy Dr 
H, Andrew, with r^rd to the esUblishment of a Fouaduur 
Course m the Faculty of Metallurgy. Perhaps the sum I 
present might fonn a nucleus for this fecial purpose 

Nevertheless, as 1 have already said, the matter is one 
entirely for yourself and the Senate finally to decide. 

With best wishes, 

Yours sincerely, 

R- A. Hadfield. 

The VIce-Chanceltor of the Sheffield University 
(Dr. A. W. Pkkard-Cambfk^e, M.A ), 


ACKNOWLEDGMENT BY THE VICE-CHANCELLOR. 


Dear Sir Robert. 


The Uhivbrsitv, Shsppieid, 

September lUA, 1933. 


I cannot thank you enough and I will not Ciy to do so at 
this moment, as I hope to see you during the week. 

But your gift is the greatest posable encouragement to all 
of us who are trying to make the University more useful and 
J have veiy little doubt that it will be used to further Professor 
Andrew’s scheme, upon which the Universily will have to decide 
next term. 

Yours very sioccrely, 

A- W. PlCKAEI>CAMBRroG£, 
Vier’ChaneeUtfr of the Sheffield Untuersity. 




[Reprinted fsom Tkc Times. 12 Sept., 1933.] 


GIFT TO SHEFFIELD UNIVERSITY. 


Sir Robert HaclficUI yesterday mack a gift of ^£ 5,000 lo the 
University of Sheffield in commemofation of the visit of the 
Iron and Steel Institute to Sheffield in 1 ^ 5 , when he was 
President, and of the coming visit of the Institute to SheffxekI 
this month. He hopes that the money will be used for the 
advancement of metallurgical knowledge. 

Sir Robert Hadfield, who is a Doctor of Metallurgy of 
Sheffield University, built and equipped one of the metallurgical 
research laboratories at the Applied Science Department of the 
University. 


(RgPiciNTED FROM Yorkshire Telc(traph & Star, 11 Sept., 1933 ] 


£5,000 GIFT TO UNIVERSITY. 

Sir ROBERT HADFIELD’S GENEROSITY 

S J IlCI’*!-IICL D KI i:S I'lAU Cl I. 


Sir r<olx;rl HjidficUl. JU., lo-day made a ylft yf £ 5,000 
lo the UniversUy of Shofficicl, 

Mr. W. M. Gibbons, Registrar of the Univursily 
cominunioaling the news lo the Star, said Sir Robert had 
indicated that his gifts were in coniincinoraiion of the visit of 
the Iron and Steel Insiiiutc to Sheffield in 1905 , when he was 
President, and of the coining visit of the Institute wlien his 
friend, Mr. W, U. ],ysaght, C.It.li:., will be President. 

1^0 far as the a) local I on of the £ 5,000 is coneerned, Sir 
Robert has exi>res«ed a preference in favour of the money being 
used for the advancement of metallurgical knowlcflge. 

^ The fact of the generous gift will be comniunicaietl to the 
Council of the University at the ne.xt meeting, and there is no 
doubt, states Mr, Gibbons, that the Council will honour Sir 
Robert s wishes. 


SUPPORTER OF UNIVERSITY. 

Right from the beginning Sir Robert Hadfield has been an 
ardent supporter of the University's Metallurgical Department. 

Despite his great |>ersonal activity and business, he has 
consistently kept in touch with the University's work and is a 
member of the University Council. 

In no part of the University’s activities has he been more 
interested than m the metallurgical department. 

Sir Robert is a Doctor of Metallurgy of Sheffield University 
and he built and equipped one of the metallurgical research 
laboratories at the Applied Science Department. 


He opened this in 1926 , the ceremony marking the coming 
of age of the University. ^ * 

His industrial success and the fame of the firm of 
Hadhelds, Ltd., have been established to a large extent through 
research, and Sir Robert's own work is well known and fully 
recognised. He is a Fellow of the Royal Society, 
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[RLPRiNTa^i ffcOM Sheffield DaUy TcUyraph, 12 SsPT., 1933.] 


£5,000 GIFT. 


Sir Robert Hadfield’s Help for Sheffield 
University. 


METALl.UKCrY TO I 5 ENEFIT. 


A gift of iJS^OOO hag beat niadt lo the Ujjivcrsily of 
Sheffield ty Sir Robert HadfielcI, Bt., head of the famous 
Slicffield steel firm of Harlfields, Ltd, and it is su^sled that 
the mcjuey will be utilised for (he advancement of metallurgical 
knowledge. 

in a letter accompanying Ihc cheque for £ 5 , 000 , Sir Robert 
indicated (hat his gift was made in commemoration of two visits 
to Sheffield by (be Iron and Steel Insiitute—the first in 1905 
when Sir Robert himself was President, and the second visit 
opening to-day when Sir Robert's friend, Mr. W. R, Lysaglit, 
CB.E., is President. 

At the next mceti^^» of the University Council the gift will 
be formally received, and Mr. W, M. Gibbons (Registrar of the 
University) said yesterday that there was no doubt that the 
Council would honour Sir Robert’s wishes in regard to the 
allocation of the money. 

AN APPROPRIATE GESTURE. 

Two facts make Sir Robert’s generosity specially appropriate. 
The first is the coincidence of the visit of the Iron and Steel 
Institute, members of which will visit the Hadficlds works on 
Thursday next, and the second is the great interest which Sir 
Robert has always displayed in the University's Metallurgical 
Department. 

Himself an Inventor and research worker of considerable 
reputation, he has always found time to maintain his interest in 
similar work at the Sheffield University. Indeed, he built one 
of the metallurgical research laboratories at the Applied Science 
Department and opened it in 1926 to mark the coming-of-age of 
the University. He holds the honorary degree of Doctor of 
Metallufpr of Sheffield University. 

His industrial success and the fame of the firm of HadfielcU, 
Ltd,, Sheffield, hav'C been established to a lai^e extent through 
research, and Sir Robert (who is a Fellow of the Royal SocIcW) 
IS a distit^uished scientist. 
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A FOUNDRY COURSE. 

Oti a recent occasion he cx4)rcs5cd wanii approval of 
siig^stions nuide by the ShcfEcId University Professor of 
Melailurgy (Dr. J. H. Andrew) in regard to the esUbUshraent 
of A course for foundry workers, within the I'acutiy of Metal* 
iui^y, and it is posable that the inont^ inay Ik usc<l for some 
sucli jjurjtusc. 

This is Uy no ntuans the ArsI time that hut geiiemsily Jihs 
lK.>nufcled the coniiiuinily. He has made «*ther gifts to the 
Jnrlh 0 >llegc, (he Ai^iditxl Science IX‘i*artmenl, ami to other 
Im'al instiliitions. To the Cutlers' Company* he gave a si>cctAl 
silver hjviog cup. 

I>unng the war his generosity was hi line with his 
I>atriotjsm. He contributed £ 10,000 to the Prince of Wales' 
National War Fund, and during the w*bolc of die war period he 
maintained at Wimcreux a private ho^ital whkh was inanagc<l 
by Lady Had held, CH.E., and through whidi 16,000 cases 
passed at an aven^ cost of about £5 per individual patient. 
Also he made a gift of hospital equipment to the St l/mis 
Hospital, Iloulogne. 

Special gifts have also been made by Sir Robert tu the 
Rnyai Society and the Royal Instttulion. 

[Extract prom Carren/ To/icx of the Shcfful^ DcUy 
Telegraph, 12 Sept., 1933 .]" 

As many as twenty^eight years have passed since the Iron 
and Steel Institute held its last conference m Sheffield. This 
seems a long time of absence from the city that has been so often 
catted the steel metropolis. One has, necessarily, to deduct the 
war years, duris^ which the iron and steel experts were veiy 
busy, but did not read papers in public about th«r discoveries. 
They left these to be demonstrated in action. 

If the absence has been loi^ the return is all the more 
welcome, particularly as it comes at a time when Sheffield 
industry is asserting itself afresh. There have been years of 
difficulty and depression during which the industry struggled 
manfully, aud as events have proved successfully, to Iwld its head 
up and be ready for the turn of the tide. We believe the tide is 
turning uow; as yet progress Is slow, but there are pl^n signs 
that progress is t«ing made. 

A pleasant and generoos way of honouring the occasion has 
been taken by Sir Rc^rt Hadfietd, who was President of the 
Institute when it was last here in lOOS, with his gift of £ 5,000 
to the University of Sheffield. The University has rendered 
great assistance to the city’s industry, and Sir Robert, by bis 
gift, has given this aid a handsome recogiudoo. 




f RKrRiwTFj) FROM Dotiy fndcp^ndc'nl, SgRgri&Ln, 12 Sm., 1933] 

£5,000 FOR UNIVERSITY. 


GIFT BY SIR ROBERT HADFIELD, 


A gift of ^S.OOO was raatlc by Sir Robert Ha(lficl<l to 
Sheffield University yeslurfby to comnwiroralc the visit of the 
iron and Steel Institute to Sheffickl for its Autumn Medinin 
this week. 

Sir Rnbcfl was Presktenc of the Institute in 1905, aiul the 
^’ft 1 $ made partly because of his close ass^jciation with 
Ir because of his friendship wiili 

Mr. W, R. I.ysaifht, CB.E., who is President of the Jnstiliite 
Ihfs year. 

Mr. W. M. Gibbons, the Registrar of the University, told 
the Daily Independent yesterday that Sir Robert had expressed 
a preference for the money to be devoted to the advancement of 
metallurgical knowledge, and that there was no tioubt that the 
Council of the University would accede to his wish. 

It is natural that Sir Robert, who is one of the foremost 
metalJurpsii of the age, should from Die earliest days of the 
University have taken the keenest interest in the motalliiTifical 
Side of the Applied Science Department, 

Full though hie life has been with all manner of aclivillei, 
air RotKsrl has always maintomed a close personal association 
with the University 8 work, and he is a member of the 
Universigr Council. 

Such has been his interest in the Department of Mctallurrv 
that for the commgsjf-agc celebrations of the University he 
but t and equipped one of the metallurgical research labcraiorics 
1926 Department. }Ie declared tills open in 

Sheffield University, and he has been honoured by sclwtific 

Ihh 5 connection 

with iron and steel, which has been of world-wide importance. 

SUCCESS WHEN YOUNG. 

When quite a young man he obtained a foremost position 
S^thf pioneers, and while he built 

7 Dtd., he was most generous in the way 

w\h learned «c[etf 

succeeded Mr. Andrew Carnepe as President of the Iron and 
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Sii.*cl Institute in 1905. He is a Fellow of the Royal Society, 
and has had ^d honours conferred upon him by 

several Universities in this country and by many teamed societies 
on the Continent ami in America. 

Sir Robert has made numerous ptls to various objects 
apart from his generosity to (he Univeraty. 

WAK-TIMR Gll'TS. 

Kolnblc annitig them arc gifts during the war. He gave 
i! 10,0(10 Ui the I'rince of Wales’ I'uiul; the hospital at 
Wimervux, which was managvtl Iw l^dy Had held, la*ate<l 
16,000 cases at a cost of r<Highly £$ each; and he presented a 
hospimi etiiiiiinKmi to the St. I^is Hosiiiial, Ihiulognc. 

In midition. Sir Robert has mmie gifts to the Royal Society, 
the Royal Institution, and a special loving cup to the Cutlers’ 
Coinpaity, besides pulitkal and local gifts. 

[Extract kudu Oencrcl Topiet ok tiik Jknly 
SUKKKIKIJ), 12 Saj’T., IW.| 

AN AID TO MirTALLURGY/ 

The country as a whole, and Sheflkid in particular, has had 
many reasons to be grateful lu Sir Robert Hadheld. His 
personal assistance and his monetary gifts have been largely 
resiwnsible for the inception and progress of many good works. 
To-day we announce another instance of Utis in the ^location uf 
£5,000 to the SheffKid University, to commemorate the visits of 
the Iron and Steel Institute to Sheffield in 1905 and now this 
week. 

It is stated that Sir Robert has expressed a preference in 
favour of the money being used for the advancement of 
metallurgical knowledge. 1 believe that he has been particularly 
anxious to improve the status of a certain section of iron and 
steel workers, but whether this munilieent gift can be used to 
further general study and research in that direction I do not 
know. 

One thing is certain—that the University can make very 
good use of the money. Although there are some who feel 
that a little Coo much stress is laid on theorising in connection 
with Sheffield's own industries compartd with the practical side, 
there is no doubt that the Unlverti^ has been an admirable 
assistant to industry in many ways. Many of the things that 
might have been accomplished, however, have not been done 
because of the need for financial stringency. Sir Robert 
Hadfield has been aware of (his need for assistance, and his 
^ving of this large sum in such times of depression surely makes 
it twice as valuable. 
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[Repunted nou Vcrksliirc Telegraph & Star. 12 Sm., 1933.1 


A FINE GIFT. 


e.- ^ ami Sled InsliUilc to 

bheffieW and a former visit in 1905, Sir Robert Hacifteki 
we ^notinced last night) made ih« handsome sift of ^5,000 to 
ihe university of Sheffield, with the exprcssioit of the wish that 
Ihe inoney should ^ utilised for the advancement of metal I ur- 
gjcal knowlec^. Sir Robert has contributed a great deal more 
lhan money for tins object, for he himself is a metallurgist of 
very high capacity. The handbook issued by the Iron and Steel 
Institute pays a high tribute to Sir Robert Hadfield’s original 
researches in the early Eighties when the field of alloy steels 
was practically unexplored. - These rcscaixhcs (it says) bore 
iruit m the discovery and invention of Manganese steel which 
supreme material for resisting abrasion, also 
„ ‘ '"sny valuable and useful alloy 

! »• The conditions of modern industry have changed 

subsiantially since the days when great enterprises in the 
V. founded by who them- 

selves had made impsrtani discoveries, Sir Robert Hadfield's 

«nnection with those of Benjamin 
Bessemer, Sir John Brown, and other 
inSon His gift will act as a practical 
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[REPSiKTEDFMJd Sheffield ncUy TeUgrupk, 14 SErr, 1933.1 


LORD MAYOR'S WELCOME. 


The i.ur(l May»T of SheffieW (Ahlcnnaa ICrncU Wil$ou), 
whci w!» aci:otn{>.*iiMctl hy ihc ].a<ly Mayc^nsss, in his a<1drca« 
nt the i>]icnmg business iiK'clinjf in the Mappin Hall of (he 
Applied Science iXiparlnK-ul of rhe Univcrslly, said Sheffield 
\vektmic<l Ihe members an<l offerctl wholv-hcan^ly its stii>p(in 
lo make (he incvtinits mvn>orablc. 

" Shefiicid is (he chief centre of the special steel industry 
of this country, anil the lostitule's sessions arc hcio^ held 
within the precincts of the University which we n^ard as the 
principal centre of metallurjipcal research work and the training 
of those who intend to follow the meullurgists' profession/’ said 
(he Lord Mayor. 

The Institute’s members numbered 2,000. and he understood 
that .V) per cent, of them were overseas, 17 fordifn countries 
bcin^ represented. These facts created the ailvanlage that the 
Institute's t)n)ci.‘cdinKS were continually enriched by contributions 
of scientific and lechnical character presented by metallurpsls in 
other countries. 

Institute also carried on important research work in 
association with the National Association of Iron and Steel 
Manufacturers, and the Department of 5>cientific and Industrial 
Uesearch. 

Six RoftKXT Haopiklo's £S.000 Gift. 

When the Institute last met in Sheffield (In 1905) it was 
umicr the presidency of Mr. (now Sir) Robert Hadfield, and 
the Lord Mayor proceeded to referio Sir Robert's recent magni¬ 
ficent gift of £5,000 to the Sheffield Univerrity, This, he said, 
was further evidence of the love of Sir Robert for his native 
city. 

’’ Let it not be forgotten that, although Sir Robert's reputa¬ 
tion is world-wide, Sheffield claims the distinction and honour 
of being his birth-place," said (he Lo4^ Mayor. 

The VICE-CHANCELLOR’S WELCOME. 

Giving a welcome on behalf of the UnjverttQf, Dr. A. W. 
Pickard-Cambridge (Vice-Chancellor) said the Univerrity always 
welcomed contact with those eng^ed in the practical application 
of the principles studied in the University. 

" We are anxious to do all we can to strengthen the bonds 
between the studies of this UniversiQr and the profession you 
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represcrit/' said ihe Vicc-Chancdlor. “Wc have received the 
wy greatest encouragement irom the noble gift of Sir Robert 
Haclficld, who « here to-day both as host (for he is a member 
of the University Councd) and as a guest (being a member of 
the Institute). * ' «. 


UMIVBKSIiy AWD IkDUSTRY. 

"Tliroughoui his life he has represented both the theoretical 
and practical sides m the best possible way. We value liis gift 
not nieiely for the greatness of his iminificence, but, above all 
because it gives us real encouragement and hope that wo are 
working on the right lines. We arc sure Diat one in liis position 
occ«tl!wf'’' h^'l'-boih 01 . this aiKl cai-licr 

^^»cj<ard-C8mbridge procecfled to refer to the Univer¬ 
sity 8 work m training persons for technical posts and research 
mentioning also that rcssareli into metalKuvical probleim^w^as 
always being made within the University was 

.T«. J.''® help Industry by carrying on an 

fi drlV consulting practice, much time being spent 

m dealing with problems of persons who consulted theiiL ^ 


[^BPaiMTKn mw J)oUy Mpendent. Shkpribld, H Sm»T 

THE CHAIRMAN’S REPLY. 

.1. A” remarks, Sir Harold Carpenter R R S 

^lu nc^ was present as a young man ar thm tone ^ 
mafSeld '^n introduction lo wch 

ssSSIShS 

were just as successful as thp^ science and practice 
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[Rr.putMTro FRoy Shtffield DaUy Tclegrtph, 16 Ssfrr., 1933.] 


HELP TO UNIVERSITY. 


ENCOURAGEMENT OF GIFT OF 
SIR ROBERT HADFIELD. 


Sir Robert Hadficld'® jfifl of £5,000 to the University of 
SheffieUi hfts aroused interest an<l appreciation. 

In the course of a letter of thanks (o Sir Robert, the Vice- 
Chancellor fDr. A. W. l*kkard‘Cambridfte) has stat^ that the 
^ift is " the f.Tcaicst posubk cncouragemtnit to all of us who are 
trying To nuike the University more useful, an<l f have very little 
doubt that U will he iimhI Io further I'rofessor Andrew's scheme, 
u^y)n which the University will have to decicic next term." 

J)r. I'ickard-Cambrldge’s letter referral to a menlitui made 
in Sir Uol>cri's letter acconijianying the gift in which he said he 
had great symiMthy with the proposals of Professor Andrew 
" with regard to the establishment uf a foundli^ course in the 
Faculty of Mclallurcy.” 

Sir Robert added, *' Perhaps the sum I present might form 
a nucleus for this special purpose. Nevertl^less the luatter is 
one entirely for yourKlf ami the Senate hcMlIy to decide." 



[RRpgiwTtn PROM Doily Independent, Shfjpiej.^, 16 Sept., 1933) 


FOUNDRY COURSE. 

Possible Use of £5,000 Gift to University. 


The of £5»000 which Sir Robert Haclficld has made to 
the Umvenity of Sheffield to cominemoraie the visit of the Iron 
ami Steel Institute to Sheffield may be devoted to a new scheme 
for giving courses in foundry work at the University. 

An indication of this is given in a letter which Dr. A W 
Pickard-Cambridge, the Vice-Chancellor of the University, hus 
sent to Sir Robert Hadfield, in which he says : 

' I cannot tliank you enough and I will not try to do so 
at this moment, as I hope to see you during the week. 
But your gift is the greatest possftjlc encouragement to 
a)l of us who are trying to make the University more 
useful, and I have very little doubt that it will be used 
to further Professor Andrew's scheme upon which the 
University will have to decide next term,” 

Professor J, H. Andrew is Dean of the Faculty of Metal¬ 
lurgy at the University, and the DaUy /ndc^endfM understands 
that a new course of instruction in foundry work has been 
formulated by Professor Andrew, but the details are not vet 
complete. ^ 


Sir Robert Hadfield, when making the gift, expressed the 
hope that the money would be devoted to the advancement of 
metallurgical knowlMge. 
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[RsPkiMTED FEOK Enffincfrmg, 15 Se^t., 1933.] 


THE ENDOWMENT OF METALLUR¬ 
GICAL RESEARCH AT SHEFFIELD. 


0>n«i(lcnDg its ft&sociaiion with the industry of that zity, it 
is a Mule surpnsii^ to be in formed (hat it is twunty^lRht yc'&rs 
since the IrfKt and Steel Institute held a meeting In Sheffield. 
The Vrcsidciit tm that occasltm vms Sir Kobert liadficUl, Iti,. 
ajhI partly tc» mark the return of the Institute, partly because of 
his association with it. and partly because of hii frleitdship with 
Mr. W. R. Lysa^jhi, CJl.lu, who is now IVcsidcnt, but is 
tunatcly unable to attend the meeting, Sir Robert has made a gift 
of £5,000 to the University, with the suggestion that it should be 
utilised fnr (he advancentent of nietaUurgical knowledge, and 
especially that it might lorm the nucleus of a fund for the 
establishment of a course in PouDding:. Sir Robert is, of 
course, himself a notable research worker, aitd holds the degree 
of Doctor of hlciallurgy in Sheffield University, in addition to 
many other honours. Moreover, it is not the first time that 
his munificence has been displayed In a similar way. for only a 
few years ago he built a laboratory for the Metallurgical 
Department on the occasion of the coinic^'Of-age celcbrattonx 
of the University. The staple industry of the City of Sheffield 
Itai, from time to time, received considerable assistance from the 
work done in the University, and we are probid)ly not incorrect 
in supposing that Sir Robert's gift is some recognition of that 
fact. It is satisfactory to realise that the days of generous 
endowments are not yet past, and we hope others will not be 
slow to follow this most recent example. 

Metallurffkoi Reseoreh .—Sir Robert Hadfield’s gift of 
£5,000 to Sheffield University, preferably for the encouragement 
of metallutgical research. haf^Iy coincides with the autumnal 
meeting of the Iron and Steel Institute*. For this meeting, 
metallurgists and research workers from all parts of the country 
Are expected to arrive in Sheffield to-night. A reception has 
l>een arranged at the University Department of Applied Science. 
Technical papers arc to be sutmitt^ at business meetings to be 
held to-morrow and Thursday, and numerous visits have been 
arranged to representative inm and steel works in and around 
Sheffield. Sir Robert's interest in (his form of research Is well 
known. One of the Univer»ly's laboratories was built and 
equipped by him. He owes much of his industrial success to 
scientific work, whkh has received fitting acknowledgment in 
Sheffield and over a wide sphere. 
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{REPKTyTEft FROM Nqinre, 16 Srpt.. i^33.1 


GIFT TO THE 
UNIVERSITY OF SHEFFIELD. 


anti by his gcneiosiiy to the Qniversity of Sheffield for which 

S I- a' Sheffieitl. He has now placed them still further 

in his debt by a fift of ilS.OOO to the Uffiversity, express m ?he 

c^urse^ t" T 'h' esib^mSt^of , 

course m founding in the Faculty of Metallurgy. Sir Robert 

^effielTln*T9o“^ I"*"*'"" when it visited 

snemeia m 1905, and now, after an interval of twentveiffhi 

ytiTS. the Institute has again held Its autumn meeting at Shield 
the President being a friend of Sir Robertas, Mr. R L^' 

itm S'af'^i'r?; ?hfsTeet^„!lut;;?Jrt:?dt 

centred at bhcmeld, owes much to metallurgical research in 

SiSrrr saj-j'™ 

=sxs-.:ss'-£,i™ss-— 


P. 27Q. 


HepriAt^J fr^m "Yoriifiirt TtUgrap^ A Star,” Sefttemhar ISth, 193S. 


EFFORT TO RAISE THE STATUS OF METALLURGICAL AND FOUNDRY WORKERS. 

Sir Robert Hadfield’s Support of University Degrees: Cup Inducement to Form Iron 

and Steel Institute Golf Club. 


S IR ROIIERT HAPI'IBLD, the «ell- 
known Sheffield induAfrlftlist, In his 
speech Ai ihc Ireo .ind Steel Inelitiitc 
boQ<juet» suggestod thnt ihc Sheffield Chom- 
her of Connuerce, like the clt; itself, t]ie 
University, nad the Callers’ Coojpkny, 
should adopt a motto. He mcntloBed tlio 
words, ” Quality always tells” aa a bears ror. 
consideratioD, Ruskin. lie said, regarded 
the cjDaJity of Sheffield handicraft ao highly 
that lie left for eter those precious memen¬ 
toes now enshrined in the Ruskin Museum, 
Sir Robert, who was proposing the toast of 
'’The City and University of Sheffield,” said 
that the Univonity bad made for itaolf a 
Mine of DO metfio fame throughout the world. 
For example, through its teaching of matel- 
lurgical science and its cognate branches, im- 
portaat services had been rendered not only 
tc the British Empire hut inleniatiooaJly. 
Its as.<usMnce had, indeed, been of inestim¬ 
able value to the city*. 

It was to be hoped tliai the ambition of 
their present eble and energetic professor of 
metal lurgj, Professor J, JI. Andrew, D.Sc., 
with regard to the esiabiUliment of a found¬ 
ing course in the Faculty of .tfetellurgy, with 
degre es in Poondry Science for thou who 
quallflod, would bo rsaJiaed. A lueoeaaful 
stadest would be known as a fcacbokr, 
master, or doctor in metallurgy, the word 
Founding " being iourted in braekels after 
tba degree. 


»e had every sympathy witfi i-vcry rlTorl 
Diudr to rane the ^intus—and Ihiii would be 
one of the objects of the dcgrc<'^t the 
foundryman, wlictJior donlliig vriUi either 
fermiis or nun-formus iiroJiieU.. ’f'hia Indi- 
vidua] had been overlooked far too long, und 
deserved ]ila piece “in riie sun”—tiiat was, 
in the teehnieal ivorld, 

Tho National Union of Foundry WoHters, 
representing tens of thoxtsands of moulders In 
Great Dritain, had expressed every sympathy 
end upprovnl with tbc present i»roi>osal to 
inorcase the dignity, usefulness, and cfficieiivy 
of this branch of human labour. 

In a reference to wttneo uieraliurgUta, Sir 
Robert said that in these days of increased' 
politics) privilege the fact should not be over¬ 
looked Ihsit metallurgy Iwid nmongst Us 
devotees members of tl^e fair sex. They had 
xJiouii the greatest interest in this branch of 
science, H)id amongst their distinguished 
rei>fsentativea might be riientloned .Miss 
Elam, who worked undor Sir Harold 
C'erpcntor: J>r. Miss Marie Gayler, under 
Dr, \V. RoAenhain; Sirs. Siiaw Rcott; Miss 
A. K. Osborn; Misa Oliva Priest, and many 
others In the thousands of laboratories at 
heme and abroad. 


CITY ” LIGHTS ” IN 1899. 

Os a personal note, Sir Robert racAlIed the 
evening of November SOIh, ld09, w])en, as 
Master Cutler, he made a speech asd dla- 


Irihutnl (hv j»riaL'« In vnnnei'tion iviDi wlnit 
Was Uivn known n« Iho Siieffield TccJinlcal 
Rchool, The c'lnilrniBii on Unit oct'nrdoji wa> 
hi^i' friend, tJ;e late llr II, Ulifton Horhy, 
F.U.R., iu» they nil know, a scientist uf xreet 
r<'|)ulc Mild II metnllureist, too. for he nn- 
dnubtodly founded fhni branch of .•science 
knowa as metnlln^friiphy. vhk*h vin 
inijiortatit in the »tudy of ferrous und non. 
ferrous nirtals. l^hefhetd wb« justly jiroud of 
him. 

.Another fatuoin citlsen who did sn much 
for scientific and Urchnicel education, nnd 
w'hu was present on that occasion, was Ins 
old friend, Hio late Sir Frederick Thuriie 
Ma|)]>ln, U.P. 

Looking back no fewer tlnui IM years, tie 
found that two of the prises }ie tiieti dis-' 
tributed ware to two members of special 
interest nt tiw proM-ut tlnic. Thu lirsi, In 
oiyltr on the pri*<' list, wns to Mr. W. ,1. 
Unwami. n protninent mumiKr of tho Iran and 
Sloc'l Insliluti'. nnd serving on MwernI of ita 
ijn|>orlaiit i.'onimitfce.'v, niul wim nuv ixx'ti|uod 
live honnnraiik' ixuition na <>noof liU onllcngucw 
on th' BiNird of Directors of his oo/njiiiny, 
Mt'ssrs, HndfWlds. Ltd., Sheffield. 

The other prise ivn5 to Dr. W. H. Hat- 
fluid, D.Mct.. chnlnimn of thu Ftecs'ptinn 
Committee (or the lostlttilc’s Visit tn 
Retd, a mcnilKT of llic iD&tilutc Council nnd 
ninn^ of its iavportont conmiittecs, und 
redpient thU year of thot hnTH>uruble uwurd, 
the Bebunier Medal, tbc Bine Riband uf 
metallurgy. Thoec two cjirly awnrds showed 


!im» iNnnin;; ••vents nn.t tln^ir sha'lnas before 
tlii'ni, 

ENCOURAGEMENT OF GOLF AS 
RELIEF. 

I In fnrtluT ^•mnrk'‘. Sir Koltvrt aiid that 
IV hill' Ibi* Council of tiu* Institute, with ita 
>lnff iirgJinlsidMi wuK iilmost n porFirt body, 
mul devuluti if^ ntCentinu to tllnt nohle brnnuh 
of M'ience known cih metnlhirgy. it pnid little 
nr ;ti» nttention to tlw .s^iorting side of life, 
and lu* sngge.t«>«| the foTtmition of an Iron 
ni(J Stuol fnstittiU' GolKng .Vsaoetotinn, 

If tiuit WAS too ninch to expect then be, 
who baippened to Ik> Frusidrnt of the 
Kiitfinevrintf (lolHnfr ScN'iety of London, u ith 
its lurmi nionilK'rship, oved Ivirdly say how 
picuaed tiMt l>ody would Ik* to welcome tin 
ui*cLvv,eoii of )iictnllnrgi.vta ns members. Ifo 
threw the suirgvstlon unb to tlic Council and 
thu nuw si’urt'tnr)*. If it would lie aoy 
incIiu*viiK'nl. lie Vtoidrl be very pluasud to offer 
n Mlver un]» to i»c uonipctod for. nut neees- 
'•nrily every year, bnt bi-nnnunlly or trion- 
niidly. fur tbu l)e»t golfer of thu Iron ond 
Steel liiAtibutc, 

In cnncluslun, Sir Robert, wdlb the permis- 
sit»n uf Mr, RuJynrd Kijiiiug, ejuoted from 
the kttur’s lujeni " Cold Iron," n» follows: 
“Cold is fur the mistress, silvi>r for the 
m:ild: 

Coinjcr f«ir the ucfifLsjnnn ennning at his 
tmdu. 

'Ooudl wild the ixiron, sitting in his hall. 

'Bnt ir'fii^.'old iron—is mimtur of them 
all.’” 
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J. H. DOWD’S IMPRESSIONS OF IRON AND STEEL INSTITUTES VISIT. 
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